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In  the  first  part  of  this  manuscript,  the  application  of  a chemoenzymatic  approach 
towards  the  synthesis  of  novel  inositol  oligomers  is  reported.  The  starting  material  used 
for  the  preparation  of  all  dimers  was  obtained  by  whole-cell  fermentation  of 
bromobenzene  with  E.  coli  JM109  (pDTG601).  The  key  sequence  of  the  synthetic  route 
consists  of  a new  two-fold  epoxide  to  achieve  the  synthesis  of  symmetrical  secondary 
amines.  With  this  method  it  was  possible  to  achieve  the  formation  of  the  desired  dimeric 
species  in  a simple,  one-pot  procedure.  By  various  functional  group  transformations,  one 
key  intermediate  was  then  converted  into  several  inositol  and  conduritol  dimers.  All 
compounds  were  fully  characterized  and  also  evaluated  for  their  inhibition  properties 
against  six  commercially  available  glycosidases.  Of  all  the  compounds  investigated,  one 
turned  out  to  be  a good  inhibitor  of  (3-galactosidase. 


xi 


In  the  second  part  of  this  work,  an  unusual  vinyl  aziridine  opening  by 
sulfonamides  is  reported.  By  using  a specific,  slightly  basic  catalyst,  the  ring-opening  of 
these  aziridines  could  be  accomplished  with  sulfonamides,  which  usually  do  not  react  as 
nucleophiles. 

This  novel  reaction  is  then  utilized  as  the  key  step  in  a precise  synthesis  of  a 
previously  unknown  diaminoinositol.  The  trans-diamine  moiety  present  in  this  compound 
was  then  used  as  the  chiral  backbone  in  the  synthesis  of  new,  highly  oxygenated  salen- 
type  catalysts.  Furthermore,  the  potential  of  these  catalysts  for  asymmetric  synthesis  was 
investigated  and  compared  to  Jacobsen’s  catalyst. 


INTRODUCTION 


Over  the  last  decades,  the  preparation  of  enantiomerically  pure  compounds  has 
become  absolutely  indispensable  in  modem  synthetic  organic  chemistry.  The  case  of 
thalidomide,  where  a drug  was  sold  as  a racemate  and  it  was  later  found  that  only  one 
enantiomer  had  therapeutic  activity  whereas  the  other  one  proved  to  be  teratogenic, 
certainly  served  as  a wake-up  call  for  the  drug  manufacturing  industry  and  the  Federal 
Drug  Administration  (FDA).  Today,  the  annual  sales  for  chiral  drugs  top  $100  billion  and 
represent  almost  one-third  of  all  drug  sales  worldwide. 

To  satisfy  this  demand  for  enantiomerically  pure  materials,  the  scientific 
community  has  developed  a variety  of  synthetic  methods  that  allow  for  the  preparation  of 
chiral  starting  materials,  intermediates  and  products.  Alongside  the  use  of  the  chiral  pool, 
resolution  protocols  and  asymmetric  catalysis,  enzymatic  methods  have  proven  to  be 
excellent  tools  to  accomplish  the  synthesis  of  non-racemic  products.  Although  mankind 
has  made  use  of  enzymes  in  the  fermentation  of  sugar  to  alcohol  for  thousands  of  years,  it 
was  not  until  a few  decades  ago  that  organic  chemists  realized  the  great  potential  of 
microbial  methods. 

By  combining  enzymatic  chemistry  with  its  unmatched  stereo-  and 
regioselectivity  and  traditional  organic  chemistry  with  its  preciseness  and  controllability, 
a new  discipline,  chemoenzymatic  synthesis,  emerged.  The  last  makes  use  of  the  best  of 
both  worlds  and  has  proven  to  be  an  irreplaceable  strategy  for  the  manufacturing  of  chiral 
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products.  Especially  highly  oxygenated  natural  products,  such  as  carbohydrates  and 
inositols,  with  their  intricate  stereochemical  patterns,  represent  ideal  targets  for  the 
utilization  of  such  strategy. 

Over  the  last  decades,  the  chemical  industry  has  matured  and  is  nowadays 
prepared  to  meet  the  public  demands  for  environmentally  benign  manufacturing  of 
products.  This  constitutes  another  advantage  of  the  chemoenzymatic  approach,  since 
potentially  hazardous  aromatic  waste  gets  transformed  into  valuable  starting  materials. 
Other  strategies  for  the  “green”  manufacturing  of  chemicals  include  the  utilization  of 
water  as  solvent,  thereby  avoiding  toxic  or  hazardous  organic  solvents  and  their  disposal. 

This  thesis  reviews  the  synthetic  accomplishments  of  over  one  hundred  years  of 
inositol  and  conduritol  synthesis  and  their  biochemistry.  Furthermore,  an  overview  of  the 
latest  developments  in  the  field  on  cyclitol  oligomers  and  conjugates  is  given.  In  the 
discussion  section  of  this  work,  the  synthesis  of  several  AMinked  inositol  oligomers  is 
reported,  along  with  an  evaluation  of  their  three-dimensional  structures  and  their 
inhibition  activity  against  glycosidases. 

In  addition,  the  preparation  of  a new  L-c/u'ra-inositol  derivative  by  an 
unprecedented  aziridine  opening  is  presented.  In  our  efforts  in  the  field  of  “green” 
chemistry,  the  application  of  this  diamino  compound  as  starting  material  for  hydrophilic 
salen-type  catalysts  is  also  discussed. 


HISTORICAL 


The  Inositols 

Introduction 

The  hexahydroxycyclohexanes  (cyclitols  or  inositols)  have  long  been  of  interest, 
especially  to  those  researchers  interested  in  carbohydrate  chemistry.  In  the  beginning,  this 
interest  arose  from  the  fact  that  the  cyclitols  are  isomeric  with  sugars,  but  later 
researchers  were  attracted  to  this  field  by  their  unique  properties,  their  stereochemical 
relationship  and  by  the  puzzling  question  about  their  function  in  nature. 

The  stereochemical  properties  of  the  cyclohexane  ring  with  six  attached  hydroxyl 
groups  theoretically  allow  for  the  existence  of  64  (26)  isomers.  However,  after  careful 
examination,  it  turns  out  that  there  only  exist  nine  different  compounds,  while  all  other  54 
possible  isomers  resemble  one  of  these  nine  distinct  structures.  Amazingly,  this  fact  was 
already  known  over  one  hundred  years  ago,  mainly  due  to  the  efforts  of  Bouveault.1 

An  overview  of  the  nine  inositols,  together  with  their  current  and  historical 
names,  is  given  in  Figure  1 . Several  excellent  reviews2’4  as  well  as  monographs3'6 
concerning  the  inositols  have  appeared  in  the  literature. 

In  the  following  chapters,  some  historical  aspects  and  the  syntheses  of  the  nine 
inositols  will  be  discussed,  with  one  chapter  dedicated  to  each  cyclitol. 
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OH  OH 


Older  name(s): 

1 2 


OH 


alio-  inositol 
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IUPAC  name:  neo-inositol 

Older  name(s): 
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myoinositol  muco-  inositol 

meso-inositol 

5 6 


IUPAC  name:  scyllo- inositol 

Older  name(s):  scyllitol 
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l-c/i/ro-inositol 

/evoinositol 
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D-c/7/ro-inositol 

cfexfroinositol 
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Figure  1.  The  nine  Inositols 


Myo-inositol 

The  widespread  occurrence  of  myoinositol  makes  this  substance  by  far  the  most 
investigated  of  all  cyclitols.  Since  the  natural  occurrence  of  the  other  eight  isomers  is  so 
sparse,  it  is  common  to  refer  to  myoinositol  as  just  inositol.  It  was  discovered  in  1850  by 
Scherrer7  in  Liebig’s  meat  extract  and  given  the  name  inositol.  In  the  years  following  its 
discovery,  the  compound  as  well  as  several  derivatives  was  found  in  several  plant  and 

g 

animal  sources.  The  first  structure  of  the  parent  compound  was  proposed  by  Maquenne, 
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who  had  treated  myo-inositol  with  hydriodic  acid  and  thereby  obtained  a mixture  of 
benzene  (10),  phenol  (11)  and  triiodophenol  (12).  Oxidation  with  concentrated  nitric  acid 
gave  tetrahydroxy-/?-benzoquinone  (13)  and  rhodizonic  acid  (14), 9 another  strong 
argument  for  a six-membered  ring  (Scheme  1). 


OH  OH 


Scheme  1.  Maquenne’s  proof  of  the  identity  of  inositol 

From  these  results  Maquenne  concluded  that  inositol  had  to  be  a 
hexahydroxycyclohexane.  This  was  later  confirmed  by  the  findings  of  Wieland  and 
Wieshart,10  who  found  that  catalytic  reduction  of  hexahydroxybenzene  gave  more  than  a 
50%  yield  of  /nvo-inositol. 

What  remained  was  the  difficult  proof  of  the  stereochemistry  of  myo-inositol.  This 
was  only  accomplished  in  the  middle  of  the  20th  century,  mainly  by  the  heroic  efforts  of 
Posternak  and  co-workers.  The  complexity  and  elegance  of  this  proof  is  certainly 
comparable  to  Fisher's  ingenious  determination  of  the  configuration  of  the  aldohexoses 
and  certainly  deserves  to  be  looked  at  up-close. 

Of  the  nine  possible  configurations,  8 ( L-chiro ) and  9 ( D-chiro ) could  obviously 
be  ruled  out  from  the  beginning,  since  they  contain  no  plane  of  symmetry  and  were 
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therefore  not  optically  inactive  as  was  observed  for  myo-inositol.  The  hexaphosphoric 
acid  ester  of  myo-inositol  gave,  upon  treatment  with  phosphatase,  optically  active  di-  and 
tetraphosphoric  acid  esters  of  the  parent  compound.1 1 12  This  finding  eliminated  isomer  1 
( cis ),  since  all  di-  and  tetra-substituted  derivatives  of  1 would  have  a plane  of  symmetry 
and  therefore  be  optically  inactive.  Further  treatment  with  phosphatase  resulted  in  the 
formation  of  an  optically  inactive  monophosphoricacid  ester,  which  allowed  Postemak  to 
eliminate  configuration  3 {alio).  Oxidation  of  the  mono-  and  diphosphoric  acid  esters 
with  nitric  acid  gave  phosphates  of  tartaric  acid,  which,  upon  hydrolysis,  yielded  meso- 
and  racemic  tartaric  acids.  If  one  can  assume  that  no  Walden  inversions  take  place, 
configurations  1 {cis)  and  7 ( scyllo ) can  be  ruled  out. 

The  direct  oxidation  of  inositol  with  alkaline  KMn04  gave  a hexaric  acid  that 
proved  to  be  identical  with  allomucic  acid,  previously  prepared  by  Emil  Fischer.11  From 
the  mother  liquor,  DL-glucosaccharic  acid  was  also  obtained,  rendering  configuration  4 
(. neo ) also  untenable.  This  gave  rise  to  the  conclusion  that  2 ( epi ) was  the  configuration  of 
mvo-inositol.  Fortunately,  later  work  by  Postemak  revealed  that  Fischer  (who  had 
suspected  this  himself)15  16  had  misassigned  the  structure  of  his  “allomucic  acid”  and  that 
this  compound  actually  had  the  DL -talo  configuration.  Therefore,  the  structure  of  myo- 
inositol was  unclear  again,  since  there  were  still  two  configurations,  2 (epi)  and  5 ( myo ), 
respectively,  that  could  not  be  excluded  by  the  aforementioned  studies. 

In  1941,  Postemak  studied  the  oxidation  of  scyllo-meso-'\nosose  with  potassium 
permanganate  leading  to  a hexaric  acid,  which  he  believed  to  be  DL-glucosaccharic  acid.17 
Since  only  configuration  2 {epi)  could  give  rise  to  an  optically  inactive  inosose,  Postemak 
thought  he  had  proven  the  stereochemistry  of  myo-inositol.  However,  a few  months  later 
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he  realized  that  the  true  identity  of  the  reaction  product  was  not  DL-glucosaccharic  acid 
but  rather  DL-idosaccharic  acid  and  he  published  a correction,18  showing  that  the  correct 
configuration  of  wyo-inositol  was  that  of  compound  5. 

Unfortunately  for  Posternak,  a few  months  before  his  correction  appeared,  Gerda 
Dangschat  announced  the  isolation  of  DL-idosaccharic  acid  from  the  oxidation  of  a 
derivative  of  myoinositol,  making  her  the  first  person  to  assign  the  stereochemistry  of 
myoinositol  correctly.14  Shortly  thereafter,  myoinositol  was  also  prepared  by  Anderson 
and  Wallis  by  hydrogenation  of  hexahydroxyphenol  on  Pd.20 

Due  to  the  great  natural  abundance  of  myoinositol,  there  have  only  been  a few 
published  syntheses  of  this  cyclitol  stereoisomer. 

The  first  real  total  synthesis  of  myoinositol  was  reported  by  Posternak  in  1950. 21 
He  was  able  to  prepare  the  title  compound  by  a multi-step  procedure  from  amino-deoxy 
inositol  17,  which  had  been  prepared  earlier  from  D-glucose  (Scheme  2). 22 


Pt 

HO  Ac 


Scheme  2.  Posternak's  synthesis  of  myoinositol 
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The  hydrogenolysis  of  hexahydroxybenzene  was  later  also  used  by  Angyal  and 
McHugh,  who  isolated  several  inositols  from  this  reaction  and  were  able  to  identify  one 
of  them  as  myo-inositol. 23 

Another  early  synthesis  was  reported  by  Nakajima  and  co-workers.  They  were 
able  to  obtain  all  inositols  excluding  czs-inositol  by  hydroxylation  of  different  conduritols 
(Scheme  3). 24 


OH  OH 


ho^A. 

\ cis-  or  trans- 

HO^ 

k^OH 

ho^t 

hydroxylation 

HO^^ 

Aoh 

OH  OH 

19  20 


Scheme  3.  Nakajima's  synthesis  of  inositols 

More  recently,  the  Prinzbach  group  has  prepared  myo-inositol  from 

• • *)  ^ 

dianhydroinositols  obtained  from  benzene." 

Cis-Inositol 

C/T-inositol  was  first  prepared  as  one  of  the  many  products  obtained  by  high- 
pressure  hydrogenation  of  tetrahydioxy-p-benzoquinone  (13)  over  a Ni-catalyst,  but  its 
configuration  was  not  established.20  It  was  fully  characterized  later  as  one  of  the  products 
from  the  low-pressure  hydrogenation  of  13  over  a Pd-catalyst.23 

The  first  synthesis  of  this  particular  cyclitol  was  published  in  1971  by  Angyal  and 
Hickman,  starting  from  a diacetal  of  epz-inositol  and  yielding  the  target  molecule  in  eight 
steps."6  It  was  not  until  over  twenty  years  later,  that  Angyal  et  al.  published  an  improved 
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procedure  for  the  synthesis  of  ds-inositol  employing  catalytic  hydrogenation  of 

17. 

tetrahydroxy-p-quinone,  followed  by  ion-exchange  chromatography  (Scheme  4)." 

O 

1.  Pd(OH)2,  H20,  H2 

2.  Dowex  AG  50W-X2 

HO 


O 

13  1 


Scheme  4.  Angyal's  synthesis  of  cd-inositol 
In  1999,  Chung  and  Kwon  prepared  c/s-inositol  hexabenzoate  (26),  starting  from  a 
mo-inositol  derivative  (Scheme  5).  “ 


hexabenzoate  (26) 


KOBz 

DMSO 

A 


Scheme  5.  The  synthesis  of  ds-inositol  hexabenzoate  by  Chung  and  Kwon 
Mvo-inositol  was  converted  to  2-O-benzoyl-mvo-inositol  orthoformate  (21)  by  a 
known  procedure.'9  30  Since  SN2  reactions  to  invert  the  two  free  alcohols  did  not  take 
place  because  of  the  rigidity  of  the  orthoformate  bridge,  the  two  hydroxyl  groups  were 
benzylated  to  afford  cyclohexane  derivative  22  in  82%  yield.  Hydrolysis  of  the 
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orthoformate  and  subsequent  benzoylation  gave  23  (91%),  followed  by  hydrogenolysis  of 
the  benzyl  ethers  to  produce  diol  24  in  96%  yield.  Conversion  of  the  alcohols  to  their 
trifluoromethylsulfonyl  esters  and  S^-type  exchange  with  potassium  benzoate  afforded 
ds-inositol  hexabenzoate  (26)  in  32%  yield. 

C/s-inositol  has  gained  a lot  of  interest  since  it  was  discovered  that  its  three  axial 

hydroxyl  groups  form  very  strong  complexes  with  borate  ion  ’ “ and  several  other 

,•  33,34 

cations. 


£pi-Inositol 


The  first  synthesis  of  this  naturally  not  occurring  cyclitol  was  that  of  Posternak  in 
1941. 35  At  this  time,  however,  he  did  not  know  the  configuration  of  the  newly  prepared 
cyclitol.  Five  years  later  he  would  prove  the  stereochemistry  by  oxidizing  myo-inositol  to 
a mixture  of  two  inososes,  which,  after  hydrogenolysis,  gave  epi-inositol  (2)  as  depicted 
in  Scheme  6. 36 


Scheme  6.  Posternak’ s synthesis  of  epi'-inositol 
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This  cyclitol  has  also  been  prepared  by  hydrogenation  of  tetrahydroxy-p- 
benzoquinone  and  subsequent  separation  of  the  resulting  inositol  isomers’  as  well  as  by 
microbial  oxidation  of  myo-inositol  to  L-e/?/-2-inosose,  followed  by  subsequent 
reduction.38 

Carless  et  al.  used  a chemoenzymatic  route  in  their  synthesis  of  epi-inositol, 
which  was  published  in  1992  (Scheme  7). 39 

0H 

. ’Oj,  -70  °C 

thiourea 
MeOH 

OH 

30 

+ 

mCPBA 

CH2CI2 
MeOH 

31 

Scheme  7.  Carless’  synthesis  of  e/d-inositol 
Benzene  was  subjected  to  microbial  oxidation  with  Pseudomonas  putida  to  afford 
ds-diol  29.  Photo-oxygenation  of  29  gave  an  easily  separable  mixture  of  endoperoxides, 
which  was  converted  by  acid-catalyzed  ring-opening  to  tetrols  30  (conduritol-A)  and  31 
(conduritol-D),  respectively  (overall  yield:  95-100%).  Tetrol  31  was  treated  with  peracid 
to  afford  epoxide  32  (63%).  Acid  catalyzed  ring-opening  and  ester  hydrolysis  under  basic 
conditions  then  produced  e/d-inositol  (2)  in  79%  yield. 

£p/-inositol  was  also  obtained  as  one  product  in  a mixture  of  inositol 
stereoisomers  by  osmylation  of  trarcs-cyclohexadiene  diols.40 
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Several  derivatives  of  e/?/-inositol  were  prepared  by  Gigg  and  Gigg  from  the 
ketone  obtained  by  oxidation  of  3,4,5-tri-(9-benzyl-l,2-(9-isopropylidene-/«vo-inositol.41 

Chung  and  Kwon  reported  their  preparation  of  a protected  derivative  of  epi- 
inositol  in  1999  (Scheme  8). 28 


PPh3,  l2 


imidazole 


1 . aqu.  AcOH 

2.  BzCI,  pyr. 


0s04 


NMNO 


OBz 

BzOvt/''\y^OBz 

BzO''^-^ 

35 


Scheme  8.  The  synthesis  of  an  cp/'-inositol  derivative  by  Chung  and  Kwon 
Known  diol  3342  was  treated  with  triphenylphosphine,  imidazole  and  iodine  to 
afford  cyclohexene  derivative  34  in  77%  yield.  Removal  of  the  acetonide  followed  by 
benzoylation  gave  alkene  35  in  91%  yield.  This  change  in  protecting  groups  was 
necessary  to  achieve  better  selectivity  in  the  next  step.  The  oxidation  was  carried  out  with 
osmium  tetroxide/NMNO  to  give  a mixture  of  neo-  (36)  and  epi-  (37)  configured 
products  in  42%  and  31%  yield,  respectively. 

The  Corsaro  group  has  shown  that  ^/-inositol  can  be  prepared  in  a highly 
diastereoselective  fashion  by  using  starting  materials  out  of  the  chiral  pool  (Scheme  9). 43 
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Methyl-(3-D-galactopyranoside  (38)  was  converted  to  aldehyde  39  according  to  a 
known  procedure.44  Treatment  of  39  with  DBU  afforded  aldol  product  40  (60%),  w'hich 
was  subsequently  reduced  to  tetrol  41  (92%).  Hydrogenolysis  of  the  protecting  groups 
furnished  ep/-inositol  (2)  in  quantitative  yield. 


Ra-Ni 

H2 


H2-Pd(C) 

MeOH 

OH 

41 

Scheme  9.  The  synthesis  of  ep/-inositol  by  the  Corsaro  lab 
The  ^(-configured  cyclitol  has  also  been  prepared  by  stereoselective  reduction  of 
(3-hydroxycyclohexanes.45 

£p(-inositol  has  been  found  to  be  active  in  reversing  lithium  effects  on  cytidine 
monophosphorylphosphatidate46  and  has  been  suggested  as  a potential  antidepressant.4' 


Scyllo- Inositol 

Another  naturally  occurring  inositol,  scyllo- inositol,  was  discovered  in  1858  by 
Staedeler  and  Frerichs4b  in  the  organs  of  plagiostomous  fish,  and  they  named  the 
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compound  scyllitol.  In  1887  an  inositol  was  also  isolated  from  acorns  and  given  the  name 
quercinitol,49  while  in  1907  Muller  reported  the  isolation  of  a similar  compound  from  the 
leaves  of  Cocos  nucifera.5  Later  work  by  Muller  demonstrated,  that  all  these  compounds 
were  identical  and  are  today  referred  to  as  scyllo- inositol.51' 52 

The  stereochemistry  of  scyllo- inositol  was  proven  by  Posternak  in  the  course  of 
his  work  on  the  configuration  of  mvo-inositol.17'  18‘ 35 

Scyllo- inositol  was  later  also  obtained  by  Anderson  and  Wallis  in  their  studies  of 
the  hydrogenation  of  hexahydroxybenzene.20 

Kohne  and  Praefcke  described  an  improved  synthesis  of  scyllo- inositol,  starting 
from  mvo-inositol.  (Scheme  10).53 


OH 


1 . biochemical 
oxidation 


2.  Ac20 


Scheme  10.  The  synthesis  of  scyllo- inositol  by  Kohne  and  Praefcke 
Mvo-inositol  was  oxidized  biochemically  by  Acetobacter  suboxydans 54  and 
converted  to  pentaacetate  42  to  simplify  purification  (overall  yield  12-17%).  Protected 
inosose  42  was  then  reduced  with  NaBH4,55  followed  by  removal  of  the  acetates,  giving 
the  desired  scyllo- configured  cyclitol  7 in  69-78%  yield.  Scyllo- inositol  was  also  obtained 
by  the  Prinzbach  lab  in  their  studies  towards  the  ring  opening  of  dianhydro  inositols.25 


More  recently,  scy//o-inositol  has  been  obtained  from  myo-inositol  by  reaction 
with  Raney-Ni  and  subsequent  derivatization  of  the  remaining  mvo-inositol  in  the 
reaction  mixture  as  its  orthoacetal,  which  allowed  a simple  separation.  '6  A scyllo- 
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configured  inositol  derivative  was  also  obtained  as  a byproduct  in  Chung  and  Kwon’s 
synthesis  of  (±)-chiro  inositol  ( vide  infra)'* 

Scy//o-inositol  has  gained  interest  since  it  was  found  that  its  derivatives  can  form 
liquid  crystals.57  Furthermore,  the  compound  has  also  been  detected  by  NMR  in  the  brain 
of  healthy  human  subjects,  suggesting  that  the  scyllo- inositol  metabolism  may  be 
regulated  independently  from  that  of  myo-inositol.58 

Neo-Inositol 

The  first  synthesis  of  neo-inositol  was  reported  in  1955  by  Angyal  and  Matheson 
during  the  course  of  their  studies  of  tosyl  esters  of  inositols  (Scheme  1 1).59 


4 45 


Scheme  1 1.  The  synthesis  of  neo-inositol  by  Angyal  and  Matheson 
The  known  di-O-isopropylidene-L-c/n'ro-inositol  (43)60  61  was  ditosylated  to  give 
compound  44,  which,  upon  treatment  with  base,  furnished  epoxide  45.  The  latter  could 
then  be  converted  to  a new  inositol  stereoisomer  that  Angyal  and  Matheson  named  neo- 
inositol. Since  its  discovery,  the  compound  has  also  been  isolated  from  Croton 
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6^  63 

cetidifolius  ~ and  from  animal  tissues.  Neo-inositol  was  later  also  discovered  in  the 
reaction  mixture  obtained  by  Nakajima  et  al.  during  their  hydroxylation  studies  of 
conduritols  (see  Scheme  3). 24 

Kowarski  and  Sarel  prepared  neo-inositol  in  the  1970’s  by  a Diels- Alder  route  as 
depicted  in  Scheme  12.64 


4 


Scheme  12.  The  preparation  of  neo-inositol  by  Kowarski  and  Sarel 
Diels-Alder  reaction  of  furan  (46)  w'ith  carbonate  47  gave  a 3.5:1  mixture  of 
adducts  48  and  49  in  21%  total  yield.  Isomer  49  was  then  subjected  to  osmylation  and  the 
resulting  tetrol  protected  as  tetraacetate  to  furnish  ether  50  (9%).  Acidic  hydrolysis  of  50 
afforded  neo-inositol  (4)  in  quantitative  yield.  This  approach  also  allowed  access  to  the 
alio-,  myo-  and  e/n-isomers. 

The  Hudlicky  group  has  demonstrated  the  enormous  synthetic  potential  of  diols 
obtained  by  microbial  oxidation  of  haloaromatics  in  their  synthesis  of  four  of  the  nine 
inositols  from  a single  precursor.65,  66  Their  synthesis  of  neo-inositol  is  depicted  in 


Scheme  13. 
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Scheme  13.  Hudlicky's  first  synthesis  of  neo-inositol 
Haloepoxide  51*’7  was  dechlorinated  under  radical  conditions  to  yield  epoxide  52 
(67%).  Solvolysis  of  52  provided  neo-inositol  in  50%  yield. 

In  1998,  the  Potter  lab  published  a five-step  synthesis  of  neo-inositol  staring  from 
/nvo-inositol  (Scheme  14).68 


OH 


OH 


HOAc,  H20 


Tf20 

pyr. 


dimethylacetamide 
OH 


H20,  A 


55  R = Ac 

56  R = H - 


NaOMe 

MeOH 


Scheme  14.  Potter's  synthesis  of  neo-inositol 
The  first  step  consisted  in  selective  protection  of  the  trans- diol  moieties  in  /nvo- 
inositol  (5)  to  give  diol  53  (27%).  This  was  achieved  by  employing  the  (ns-acetal 
protecting  groups  developed  in  the  laboratories  of  Frost69  and  Ley,70  which  make  use  of 
the  anomeric  effect  to  control  the  regiochemistry  of  the  protection  step.  With  53  in  hand. 
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one  of  the  hydroxyl  groups  was  converted  to  its  triflate  (76%)  and  subsequently  replaced 
by  acetate  in  an  SN2-fashion  to  provide  alcohol  55.  Removal  of  all  protecting  groups 
yielded  neo-inositol  (4)  in  60%  yield  for  2 steps. 

Chung  and  Kwon  prepared  a neo-configured  inositol  derivative  in  1999,  also 
starting  from  myo-inositol  (Scheme  15).28 


0s04 


NMNO 


neo-inositol 
derivative  58 


Scheme  15.  The  synthesis  of  a neo-inositol  derivative  by  Chung  and  Kwon 
Myo-inositol  (5)  was  converted  to  cyclohexene  derivative  57  according  to  a 
known  procedure.  " Cfy-dihydroxylation  afforded  neo-inositol  derivative  58  in  77%  yield. 

Hudlicky’s  group  later  reported  a second-generation  synthesis,  allowing  the 
preparation  of  the  target  molecule  on  a multi-gram  scale  (Scheme  16).71 


1.  DMP,  H* 


2.  DBH,  H20, 
acetone 


1.  0s04,  NMNO 
acetone,  H20 

2.  HCI,  MeOH 


Scheme  16.  Hudlicky's  second-generation  synthesis  of  neo-inositol 
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Diol  5972 73  was  protected  as  its  acetonide,  followed  by  bromonium-ion  formation 
and  subsequent  ring-opening  by  water  to  furnish  bromohydrin  60.  The  latter  gave  epoxide 
61  as  an  intermediate  upon  treatment  with  acid.  When  heating  the  reaction  mixture,  direct 
conversion  to  desired  diol  62  could  be  accomplished.  The  halogen  in  62  was  removed 
under  radical  conditions,  followed  by  osmylation  and  removal  of  the  acetonide  protecting 
groups  to  furnish  nco-inositol  (4)  in  an  overall  yield  of  17%.  The  most  notable  feature  of 
neo-inositol  is  its  very  low  solubility  in  water.  This  has  been  ascribed  to  its  unusually 
compact  and  stable  structure,  as  determined  by  X-ray  crystallography.74 

Alio- Inositol 


The  first  synthesis  of  this  configurational  isomer  was  reported  in  1939  by 
Dangschat  and  Fischer,75  who  named  the  newly  discovered  cyclitol  alio- inositol 
(Scheme  17). 


OH 


OH 


conduritol-A  (30) 


acetone,  HCI 


OH 


OH 

64 


1 . Ac20 

2.  KMn04 


Scheme  17.  The  synthesis  of  alio- inositol  by  Dangschat  and  Fischer 
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Conduritol-A  (30)  was  converted  to  mono-acetonide  64,  followed  by  acetylation 
of  the  two  remaining  hydroxyl  groups  and  oxidation  to  give  diol  65.  Removal  of  the 
protecting  groups  furnished  alio- inositol  (3).  Because  of  the  upheaval  of  World  War  II 
and  a series  of  unfortunate  events,  a full  paper  describing  their  work  in  a more  detailed 
fashion  did  not  appear  until  almost  50  years  later,  long  after  the  death  of  both,  Hermann 
Fischer  and  Gerda  Dangschat.76 

Angyal  and  Gilham  prepared  a//o-inositol  during  their  attempts  to  synthesize  cis- 
inositol  (Scheme  18).77 


Starting  from  known  ds-O-isopropylidene  derivative  66,  elimination  was 
accomplished  by  refluxing  the  compound  with  sodium  iodide  to  furnish  the  unsaturated 
derivative  67.  Angyal  and  Gilham  were  hoping  that  the  hydroxylation  would  take  place 
from  the  more  hindered  side  to  give  the  ds-configured  cyclitol.  However,  they  found  that 
this  was  not  the  case  and  that  the  product  they  obtained  was  a//o-inositol,  a compound 
that  they  had  earlier  also  obtained  in  small  quantities  by  their  studies  on  the 
hydrogenation  of  hexahydroxybenzene.23 

A//o-inositol  was  also  prepared  by  Kowarski  and  Sarel  in  a similar  fashion  as 
described  for  neo-inositol  (Scheme  19).64 


66 


67 


alio- inositol  (3) 


Scheme  18.  The  preparation  of  alio- inositol  by  Angyal  and  Gilham 
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Scheme  19.  The  synthesis  of  myo-  and  a//o-inositol  by  Kowarski  and  Sarel 
Diels-Alder  product  49  was  epoxidized  using  peracetic  acid,  followed  by 
hydrolysis  to  give  a mixture  of  mvo-inositol  (5)  and  a//o-inositol  (3). 

Carless  and  co-workers  published  their  synthesis  of  a//o-inositol  in  1992,  starting 
from  conduritol-D  (Scheme  20). 39 


OAc 


Ac20 


pyr. 


0Ac  1 . 0s04,  NMNO 


0Ac  2.  K2C03,  MeOH 


Scheme  20.  Carless'  synthesis  of  alio- inositol 
Tetrol  31  (conduritol-D)  was  converted  to  its  tetraacetate  69  (79%).  Catalytic 
osmylation  followed  by  basic  hydrolysis  of  the  acetates  afforded  alio- inositol  (3)  in  60% 
yield. 

In  a similar  way  as  they  had  prepared  neo-inositol,  the  Hudlicky  group  used 
haloepoxide  51h7  as  starting  material  for  their  first  synthesis  of  alio- inositol  (Scheme 
2 1 ).65 


Haloepoxide  51  was  converted  to  inosose  70,  which  was  subsequently  reduced  to 


furnish  o//o-inositol  (3). 


22 


Scheme  21.  Hudlicky's  first  synthesis  of  a//o-inositol 


In  1997,  the  Hudlicky  lab  published  a second-generation  approach  which  allowed 


for  the  first  practical  multi-gram-scale  synthesis  of  alio- inositol  (Scheme  22). 78 
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Scheme  22.  Hudlicky's  second-generation  approach  to  «//o-inositol 
Diol  59  ' ' was  protected  as  an  acetonide  (90%)  and  dihydroxylated  to  furnish 
diol  71.  The  bromine  was  then  removed  under  radical  conditions  (90%),  followed  by 
protection  of  the  two  free  hydroxyl  groups  to  give  cyclohexene  derivative  73  (97%). 
Ruthenium-catalyzed  dihydroxylation  yielded  the  fully  oxygenated  species  74,  which 
could  be  converted  to  the  target  molecule  (3)  by  treatment  with  ethanolic  HCI  in  71% 
yield  for  the  two  steps. 
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Chung  and  Kwon  reported  the  synthesis  of  a protected  derivative  of  a//o-inositol 
in  1999  (Scheme  23). 28  Cyclohexene  derivative  34  (compare  to  Scheme  8)  was 
deprotected  under  acidic  conditions  followed  by  benzylation  of  all  four  alcohols  to  afford 
75.  Oxidation  of  the  double  bond  with  iodine  in  aqueous  dioxane  furnished  a mixture  of 
epoxides  76  and  77  in  89%  total  yield.  Separation  of  the  epoxides  followed  by  solvolysis 
of  77  under  acidic  conditions  afforded  a mixture  of  alio-  and  mvo-inositol  in  65%  and 
16%  yield  respectively. 


TFA 
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Scheme  23.  The  synthesis  of  an  a//o-inositol  derivative  by  Chung  and  Kwon 
The  most  recent  synthesis  of  a//o-inositol  comes  from  Metha’s  group  (Scheme 
24).79  Mehta  and  Lakshminath  started  from  ester  80,  which  had  previously  been  prepared 
by  Diels-Alder  reaction  and  Haller-Bauer  cleavage.80  This  compound  was  converted  to 
tosyl  ester  81  in  a few  steps,  followed  by  elimination  to  give  82  (64%).  Ozonolysis  and 
subsequent  reduction  furnished  alcohol  84  in  80%  yield  for  two  steps.  The  latter  was 
converted  to  mesylate  85  (90%)  and  treated  with  strong  base  to  afford  the  unsaturated 
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derivative  73  (75%).  Osmylation,  followed  by  removal  of  the  acetonides  gave  cillo- 


inositol  (3)  in  70%  yield. 


X 


82  X = CH2  — |03I  NaHC03 

83  X = O 1 CH2CI2,  DMS 


NaBH4,  MeOH 


84  X = OH  I MsCI,  Et3N 

85  X = OMs  1 pyridine 


Scheme  24.  Mehta’s  synthesis  of  a//o-inositol 


Muco-Inositol 

The  first  synthesis  of  /nwco-inositol  was  described  by  Dangschat  and  Fischer  in 
1939  (Scheme  25). 75' 76  In  a similar  fashion  as  they  had  prepared  a//o-inositol,  they  were 
also  able  to  prepare  mwco-inositol  (6)  for  the  first  time  starting  from  conduritol-A.  The 
latter  was  acetylated,  followed  by  oxidation  from  the  less  hindered  side  to  furnish  the 
fully  oxygenated  species  87.  Hydrolysis  of  the  ester  groups  gave  the  target  molecule, 
/m<c0-inositol  (6). 

A/Mcoinositol  was  also  identified  as  one  of  the  products  obtained  by 
hydrogenation  of  hexahydroxybenzene23  as  well  as  by  dihydroxylation  of  different 
conduritols.24 
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Scheme  25.  The  synthesis  of  /mtco-inositol  by  Dangschat  and  Fischer 
In  1966  Angyal  and  co-workers  were  able  to  prepare  mMco-inositol  from  a 
derivative  of  myo- inositol  (Scheme  26). 81 


Scheme  26.  Angyal's  first  preparation  of  mwco-inositol 
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Previously  reported8"  83  1,4,5,6-tetra-O-acetyl-myo-inositol  (88)  was  converted  to 
tosyl  derivative  89  under  standard  conditions,  making  use  of  an  intramolecular  acetyl 
migration.  Treatment  of  89  with  strongly  basic  ion-exchange  resin  gave  anhydro 
derivative  90  as  an  intermediate,  which  under  the  reaction  conditions  underwent  trans- 
diaxial  ring  opening  to  furnish  mwco-inositol  (6).  Angyal  and  co-workers  later  also 
published  a more  detailed  account  regarding  the  ring  opening  of  inositol  epoxides.84 

In  1967  the  Lichtenthaler  lab  was  able  to  prepare  mwco-inositol  from  a myo- 
inositol derivative  as  depicted  in  Scheme  27.85 


Scheme  27.  Lichtenthaler's  synthesis  of  /m/co-inositol 
The  known86  methanesulfonyl  ester  91  was  treated  with  sodium  acetate  to  give 
mwco-inositol  hexaacetate  (92)  by  intermolecular  rearrangement  via  an  acetyloxonium 
ion.  Compound  92  was  then  converted  to  /m<coinositol  (6)  by  acidic  hydrolysis. 

Paulsen  and  Hohne  showed  in  1972,  that  /m<co-inositol  hexaacetate  was  the  main 
isomer  obtained  from  isomerization  of  myo-inositol  hexaacetate  in  liquid  HF.87 

In  1980.  Angyal  and  Odier  published  a second  synthesis,  this  time  starting  from 


quebrachitol  derivative  93  (Scheme  28).88 
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93  R = OMe  1 Cr03 

94  R = OCHO  I HOAc 


95  R = OH  TsCI 

96  R = OTs  -» pyr. 
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"OBz 
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Scheme  28.  Angyal's  second  synthesis  of  wwco-inositol 
Oxidation  of  93  with  chromium  trioxide  in  acetic  acid89  converted  the  methyl  into 
a formyl  group,  which  was  subsequently  removed  by  treatment  with  methanolic  HC1  to 
give  95.  The  free  hydroxyl  group  in  95  was  tosylated,  followed  by  solvolysis  to  give 
1 ,2,3,4, 6-penta-0-benzoyl-/m<co-inositol  (97).  The  latter  could  be  deprotected  with 
sodium  in  methanol  to  yield  /m/co-inositol  (6). 

Mwco-inositol  was  also  prepared  by  Prinzbach  and  co-workers  during  their  studies 
of  the  ring  openings  of  dianhydroinositols.25 

Carless  et  al.  prepared  /m/co-inositol  from  benzene  (Scheme  29). 39 


muco-lnositol  (6) 


9H 

OH  Os04,  NMNO 
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OH 
30 
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Scheme  29.  Carless'  synthesis  of  mt/co-inositol 
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Benzene  was  converted  to  tetrol  30  (conduritol-A)  by  a chemoenzymatic  approach 
(compare  Scheme  7).  Oxidation  of  30  with  0s04  afforded  muco- inositol  (6)  in  82%  yield. 

In  1993,  the  Hudlicky  group  was  able  to  synthesize  muco- inositol  by  using  the 
same  basic  approach  as  described  for  neo-  and  «//o-inositol  earlier  (Scheme  30). 6:1  66 


99  R = Br 

100  R = H 


Bu3SnH,  AIBN 
benzene,  A 


mCPBA 


muco- inositol  (6)  10' 

Scheme  30.  Hudlicky's  synthesis  of  /n«co-inositol 
Protected  diol  98 ' was  epoxidized  with  /jiCPBA  (96%),  followed  by  ring 
opening  under  basic  conditions  to  give  diol  99.  After  removal  of  the  halogen  (90%  for 
two  steps)  under  radical  conditions,  the  remaining  double  bond  was  converted  to  an 
epoxide  to  furnish  101  (71%).  Ring  opening  of  the  epoxide  along  with  acetonide  removal 
in  one  pot  yielded  the  target  molecule,  rnwco-inositol  (6),  in  89%  yield.  The  Hudlicky  lab 
also  reported  a few  modifications  to  this  approach  later,  making  it  more  feasible  for  large- 
scale  preparation.91’ 

In  1999,  Chung  and  Kwon  reported  their  synthesis  of  muco- inositol  derivative 
106,  starting  from  wvo-inositol  (Scheme  3 1 ).2S 
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Scheme  31.  The  synthesis  of  a /nwco-inositol  derivative  by  Chung  and  Kwon 
Myo- inositol  was  converted  to  conduritol-F  derivative  102  according  to  a known 
procedure.91  Oxidation  of  the  double  bond  afforded  a mixture  of  epoxides  103  and  104  in 
86%  total  yield.  Solvolysis  of  isomer  104  under  acidic  conditions  provided  the  desired 
mMco-inositol  derivative  106  (64%)  along  with  a small  amount  (14%)  of  mvo-configured 
product  105. 


L-Chiro  and  D-C/r/ro-Inositol 

The  relative  and  absolute  stereochemistry  of  L-  and  D -chiro  inositol  was  first 
elucidated  in  1936  by  Posternak.92  He  prepared  L-c/n'ra-inositol  from  quebrachitol  by 
demethylation  and  oxidized  the  product  with  KMn04.  The  compound  he  obtained  from 
this  reaction  was  mucic  acid,  the  absolute  configuration  of  which  was  known.  Therefore, 
he  was  able  to  assign  the  absolute  stereochemistry  of  the  two  enantiomers. 

Fletcher  and  Findlay91  prepared  the  racemic  mixture  of  L-  and  D-c/i/ro-inositol  in 
1948  and  were  able  to  show  that  the  racemate  was  identical  with  a compound  prepared  by 
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Mueller  in  19 12.94  This  compound  had  been  given  the  name  /50-inositol  by  Maquenne 
and  Tanret95, 96  almost  half  a century  earlier.  The  work  of  Fletcher  and  Findlay,  as  well  as 
work  by  Posternak  proved  unambiguously  that  DL -chiro  inositol  was  identical  with  /50- 
inositol.  When  this  was  realized,  the  name  /50-inositol  was  abandoned. 

Both,  L-  and  D-c/;/ro  inositol  are  easily  available  from  their  naturally  occurring  O- 
methyl  derivatives  (Figure  2). 

OH  OH 


R = OCH3  quebrachitol  (1 07)  R = OCH3  (+)-pinitol  (1 08) 

R = OH  L-c/j/ro-inositol  (8)  R = OH  D-c/i/ro-inositol  (9) 

Figure  2.  Methylated  derivatives  of  L-  and  D -chiro  inositol 
The  large  natural  abundance  of  these  compounds  might  have  attributed  to  the  fact 
that  it  took  until  the  1 990’ s for  the  first  total  synthesis  of  one  of  these  compounds  to  be 
realized.  Shen’s  group  showed  that  derivatives  of  L-  and  D-c/i/ro-inositol  could  be 
obtained  from  protected  mvo-inositol  by  resolution.97  Although  they  prepared  the  free 
conduritols  by  this  way,  this  was  just  a means  for  establishing  the  absolute  configuration 
of  their  intermediates  and  not  a preparative  approach. 

Along  with  a mixture  of  other  inositol  stereoisomers,  racemic  c/2/ro-inositol  was 
later  prepared  by  Tschamber  et  al.  by  hydroxylation  of  cyclohexadienes.40 

A synthesis  of  racemic  c/2/ro-inositol  was  achieved  in  1992  by  Carless  and  co- 
workers (Scheme  32). 39 
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Scheme  32.  Carless'  synthesis  of  (±)-chiro- inositol 
Conduritol-A  (30)  was  oxidized  with  peracid  to  afford  epoxide  109  in  63%  yield 
as  a single  isomer.  Ring-opening  under  acidic  conditions  produced  (±)-chiro- inositol 
(110)  in  quantitative  yield. 

The  first  real  total  synthesis  of  D-chiro  inositol  was  published  in  1993  by  the 
Hudlicky  group  (Scheme  33).98-65 


52  D-cft/roinositol  (9) 

Scheme  33.  Hudlicky's  synthesis  of  D-c/n'ro-inositol 


Haloepoxide  51(,t1  was  converted  to  epoxide  52  (42%),  which  under  elevated 
temperature  and  acid  catalysis,  furnished  D-c/nro-inositol  (9)  in  95%  yield. 

Chiara  and  Valle  prepared  L-c/7/ro-inositol  from  D-sorbitol  in  1995  as  depicted  in 
Scheme  34.  9 D-Sorbitol  (111)  was  selectively  protected  by  following  a known 
procedure100  for  the  corresponding  D-mannitol  derivative  to  furnish  112  in  15%  overall 
yield.  The  free  hydroxyl  groups  in  112  were  silylated  (70%),  followed  by  debenzoylation 
to  give  diol  113  in  80%  yield. 


32 


HO— 
HO 


BzO — 

HO— | 

—OH 

b-OH  1 . TBDPSCI 

- 0-=: 

! imidazole,  DMF 

—OH 

— 0 2.  DIBAL-H,  -78  °C 

—OH 

qi_I  toluene 

L-oh 

1— OBz 

D-sorbitol  (111) 


-OTBDPS 


-OH 


112 


113 


l-cft/ro-inositol 
hexaacetate  (115) 


1.  (COCI)2,  DMSO,  APr2NEt 

2.  Sml2,  f-BuOH,  THF, 

-78  °C  to  rt 


1.  PPTS 
CH2CI2  / MeOH 


2.  Ac20,  pyr. 
DMAP 


OTBDPS 

1 

0. 

A -0H 

XJ 

0- 

0^ 

'OH 

OTBDPS 

114 


Scheme  34.  The  synthesis  of  L-c/n'ro-inositol  hexaacetate  by  Chiara  and  Valle 
Application  of  their  earlier  developed  one-pot  sequence  of  Swern  oxidation  and 
SmT-promoted  intramolecular  pinacol  coupling101  gave  exclusively  the  L -chiro 
configured  derivative  114  (78%),  with  only  a trace  of  the  myo-configured  isomer 
detectable.  Compound  114  was  then  deprotected  to  give  L-c/t/ra-inositol,  which  was 
characterized  as  its  hexaacetate  (115). 

A rather  tedious  approach  to  D-c/t/ro-inositol  was  published  in  1998  by  Kim  and 
co-workers  (Scheme  35). I0'  Cyclohexene  (116)  was  treated  with  V-(phenylseleno)- 
phtalimide  (V-PSP),  (S,S)-hydrobenzoin  and  E^EtiO  to  furnish  chiral  oxyselenide  117 
(40%),  which  was  converted  into  olefin  118  (92%).  Intramolecular  oxyselenylation  of  118 
gave  bicyclic  dioxane  119  (68%),  which  provided  120  after  elimination  in  90%  yield. 
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Scheme  35.  The  synthesis  of  D-c/nro-inositoI  by  Kim  et  al. 

Treatment  of  120  with  mCPBA  gave  epoxide  121  (60%),  which  was  opened  with 
a selenium  nucleophile  to  provide  122  (95%).  Elimination  afforded  allylic  alcohol  123  in 
96%  yield.  After  protection  of  the  alcohol  (87%),  the  remaining  double  bond  was 
epoxidized  (51%)  and  opened  with  PhSeNa  again  (83%),  proceeded  by  another 
elimination  to  give  127  in  90%  yield.  After  removal  of  the  silyl-protecting  group  (92%), 


34 


the  molecule  was  dihydroxylated  (87%)  and  all  protecting  groups  were  removed  to  give 
D-c/i/ra- inositol  (9)  in  71%  yield. 

Chung  and  Kwon  prepared  a (±)-c/u>o-inositol  derivative  from  myo-inositol 
(Scheme  36). 28 


OH  OBn 


l2,  Ag20 
aq.  dioxane 


(±)-chiro-  inositol 
derivative  129 

Scheme  36.  The  preparation  of  a (±)-c/n'ro-inositol  derivative  by  Chung  and  Kwon 
Mvo-inositol  was  converted  to  conduritol-F  derivative  102  by  a known 
procedure.91  Hydroxylation  with  OsCV  NMNO  afforded  (±)-c/i/ro-inositol  derivative  129 
in  95%  yield. 

The  most  recent  synthesis  of  L-c/z/ro-inositol  comes  from  Hudlicky’s  group 
(Scheme  37), 90  using  a similar  approach  as  they  had  utilized  in  their  synthesis  of  muco- 
inositol.  Protected  diol  98~  3 was  converted  to  an  epoxide,  which  was  subsequently 
opened  with  benzyl  alcohol  under  Lewis-acid  conditions  to  furnish  130,  followed  by 
removal  of  the  bromine  under  radical  conditions.  Compound  131  was  then 
dihydroxylated  and  the  acetonide  hydrolyzed  with  hydrochloric  acid  in  ethanol  to  give 
132.  The  final  step  consisted  in  hydrogenolysis  of  the  benzyl  ether  to  produce  L-chiro- 
inositol  (8)  in  quantitative  yield.  D-c/nro-inositol  has  been  found  to  be  a putative  insulin 
mediator,  normalizing  plasma  glucose  in  streptozotocin  diabetic  rats  at  a dose  equivalent 
to  insulin  without  inducing  hvpoglycaemia.103 
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Scheme  37.  Hudlicky's  synthesis  of  L-c/?/ro-inositol 


The  Conduritols 


Introduction 

In  1908,  Kiibler  isolated  a new  alcohol  from  the  bark  of  Marsdenia  condurango, 
which  he  named  conduritol. 104  He  found  that  the  compound  was  optically  inactive  and 
that  it  seemed  to  be  unsaturated,  but  he  did  not  determine  its  constitution  or 
stereochemistry.  It  took  over  30  years,  until  Dangschat  and  Fischer  were  able  elucidate 
the  structure  of  conduritol  as  is  shown  in  Scheme  38. 75  76  Upon  treatment  with  HCI  and 
acid,  conduritol  (19)  gave  a monoacetonide  133.  Because  all  attempts  to  cleave  the 
compound  with  Pb(OAc)4  failed,  they  concluded  that  the  acetonide  had  to  be  in  2,3- 
position.  Alkene  133  was  then  acetylated  and  oxidized  with  KMn04,  followed  by 
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cleavage  with  Pb(0Ac)4  and  peracid  oxidation  to  give  136.  This  compound  was  then 


deprotected  to  give  a compound  that  proved  to  be  identical  with  mucic  acid  (137). 
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Scheme  38.  The  proof  of  the  structure  of  conduritol  by  Dangschat  and  Fischer 
Based  on  these  observations,  the  configuration  of  Kiibler's  conduritol  was 
established  as  that  of  conduritol-A.  Because  there  are  six  possible  isomers  of  conduritol, 
they  were  later  labeled  as  A - F to  avoid  ambiguity.105  Their  structures  are  depicted  in 
Figure  3. 106 
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Figure  3.  The  structures  of  the  six  conduritols 
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In  the  following  chapters,  a short  overview  of  the  synthesis  and  general  properties 
of  the  six  conduritols  will  be  presented. 

Conduritol-A 

Other  than  the  source  it  was  first  isolated  from  (see  above),  conduritol-A  has  also 
been  found  in  leaves  of  Gymnema  sylvestre ,107 

The  first  synthesis  of  conduritol-A  was  that  of  Nakajima  and  co-workers  in  1957 
(Scheme  39). 108  Diacetate  142  was  oxidized  with  peracid  to  give  a mixture  of  cyclic 
ethers  143  and  144,  respectively.  Upon  hydrolysis,  a mixture  of  conduritol  isomers  was 
obtained  that  was  separable  by  chromatography  and  crystallization. 


conduritol-E  (140) 

Scheme  39.  The  preparation  of  conduritols  by  Nakajima  et  al. 

The  first  stereospecific  synthesis  of  conduritol-A  was  published  in  1983  by  Knapp 

109 


and  co-workers  (Scheme  40). 
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Scheme  40.  Knapp's  synthesis  of  conduritol-A 
Substituted  anthracene  derivative  145  was  reacted  with  benzoquinone  (146)  to 
give  Diels-Alder  adduct  147.  This  allowed  them  to  protect  one  of  the  double  bonds,  as 
well  as  to  guard  one  side  of  the  six-membered  ring.  Luche-reduction  of  147  afforded  diol 
148,  which  was  subjected  to  cA-dihydroxylation  with  0s04  to  give  tetrol  149.  After 
protection  of  the  vicinal  cA-hydroxyl  groups  as  an  acetonide,  the  remaining  two  alcohols 
were  converted  to  their  benzyloxymethyl  esters.  Reductive  cleavage  of  the  bonds  formed 
during  the  Diels-Alder  reaction  followed  by  deprotection  furnished  conduritol-A  (30). 

Knapp’s  synthesis  was  later  improved  by  the  Rutledge  group,  who  where  able  to 
shorten  the  route  to  conduritol-A  considerably  (Scheme  41). 110 
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conduritol-A  (30) 


Scheme  4 1 . The  synthesis  of  conduritol-A  by  Rutledge  et  al. 

Diels-Alder  adduct  154  (obtained  in  86%  yield)  was  reduced  under  Luche 
conditions  to  give  diol  155  (97%),  which  was  dihydroxylated  to  furnish  tetrol  156  (87%). 
The  latter  gave  conduritol-A  (30)  upon  flash  vacuum  pyrolysis  in  quantitative  yield. 

The  next  synthesis  of  conduritol-A  was  that  of  Aleksejezyk  and  Berchtold  in  1985 
(Scheme  42).111 
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conduritol-A  (30) 

Scheme  42.  The  synthesis  of  conduritol-A  by  Aleksejezyk  and  Berchtold 
Their  synthesis  started  from  dihydrodiol  157,  which  was  converted  to  conduritol- 


A (30)  by  epoxidation  and  subsequent  hydrolysis. 
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In  1988,  Bald's  groupreported  another  synthesis  of  conduritol-A,  starting  from 
1 ,4-cyclohexadiene  (Scheme  43).112 
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Scheme  43.  Balci's  synthesis  of  conduritol-A 
Diene  159  was  converted  to  protected  diol  160  by  a known  procedure.113  The 
latter  was  then  subjected  to  photo-oxygenation  to  furnish  161  (95%),  which  was  reduced 
to  give  162  (80%).  Deprotection  then  afforded  conduritol-A  (30)  in  quantitative  yield. 
Independently,  a synthesis  based  on  the  same  method  was  developed  by  Carless  and  Oak 
shortly  thereafter.114 

In  1991,  Weinreb  and  McIntosh  reported  a strategy  for  the  synthesis  of  conduritols 
via  stereodivergent  vinylsilane-aldehyde  cyclizations  to  obtain  a trimethylated  derivative 
of  conduritol-A  (Scheme  44). 115 


163  164 


conduritol-A  (30) 


Scheme  44.  An  approach  to  the  conduritol-A  skeleton  by  Weinreb  and  McIntosh 
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In  the  key  step,  vinylsilane  163  was  treated  with  Lewis-acid  to  furnish  conduritol- 


A derivative  164  in  86%  yield. 


Conduritol-A  was  also  prepared  by  Carless  and  Oak  as  a side  product  during  their 
approach  towards  Conduritol-D  (compare  Scheme  82). 1,4 


A chemoenzymatic  approach  to  conduritol-A  was  published  by  Hudlicky  and  co- 


workers in  1991  (Scheme  45). 116 
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Scheme  45.  The  synthesis  of  conduritol-A  by  Hudlicky  et  al. 

Enone  166  was  obtained  in  88%  overall  yield  by  protection  of  diol  165  as  an 
acetonide,  followed  by  singlet-oxygen  addition  and  cleavage  of  the  peroxide-bond  with 
thiourea.  Protection  of  the  alcohol  in  166  as  a TBS-ether  yielded  167  (85%),  which  could 
be  reduced  with  sodium  borohydride  to  give  a 1:1  mixture  of  alcohols  168  and  169, 
respectively.  After  separation,  isomer  169  furnished  conduritol-A  upon  acidic 
hydrolysis.117  The  Vanderwalle  group  reported  an  approach  towards  a homochiral 
derivative  of  conduritol-A  in  1992  (Scheme  46). 118 
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Scheme  46.  Vanderwalle's  approach  towards  conduritol-A 
Diol  170  " was  desymmetrized  by  enzymatic  resolution  to  give  the  protected 
conduritol-A  derivative  172  in  85%  yield  with  an  ee  of  >95%. 

Billington  et  al.  described  the  synthesis  of  several  conduritol  isomers  in  1994,  one 
of  them  being  conduritol-A  (Scheme  47).lly  Protection  of  known120  dibromodiol  173  as 
its  bis- TBS  ether  followed  by  elimination  yielded  diene  174.  Epoxidation  of  174  with 
mCPBA  gave  a 1:1  mixture  of  epoxides  175  and  176,  respectively,  which  was  separable 
by  chromatography.  Upon  deprotection  with  fluoride-ion  and  hydrolysis,  epoxide  176 
furnished  conduritol-A. 


conduritol-A  (30) 


Scheme  47.  Billington's  synthesis  of  conduritol-A 
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Starting  with  a compound  from  the  chiral  pool  (D-galactose),  Mereyala  and 
Gaddam  were  able  to  prepare  conduritol-A  in  1994  (Scheme  48). 121 
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Scheme  48.  The  synthesis  of  conduritol-A  by  Mereyala  and  Gaddam 
D-Galactose  (177)  was  converted  to  enone  178  in  three  steps  in  74%  yield.  The 
latter  was  then  subjected  to  the  conditions  of  the  Ferrier-rearrangement,122  producing 
cyclohexanone  derivative  179  (83%).  Elimination  followed  by  reduction  of  the  enone  and 
removal  of  the  acetate  afforded  the  two  diols  181  and  182  (69%  overall  yield),  which 
could  be  separated  by  chromatographic  techniques.  Hydrolysis  of  the  acetonide  in 
compound  181  furnished  conduritol-A  (30)  in  quantitative  yield. 
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Based  on  a cycloaddition  approach,  the  Zwanenburg  group  published  a synthesis 
of  conduritol-A  in  1995  (Scheme  49). 123 


conduritol-A  (30) 

Scheme  49.  Zwanenburg's  approach  to  conduritol-A 
Diels-Alder  adduct  183  was  subjected  to  flash  vacuum  thermolysis  to  furnish 
diene  184.  Hydroxylation  of  one  of  the  alkenes  in  184,  followed  by  deprotection  under 
basic  conditions  gave  conduritol-A.  In  1999,  the  Ogasawara  group  published  a paper 
describing  the  synthesis  of  all  six  conduritoi  isomers  from  the  same  Diels-Alder  derived 
building  block.1'4  Their  approach  towards  conduritol-A  is  shown  in  Scheme  50. 
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Scheme  50.  Ogasawara's  synthesis  of  conduritol-A 
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Known  bromoene  185' 55  was  hydroxylated  with  OsCU  (94%),  followed  by 
protection  of  the  hydroxyl  groups  as  MOM-ethers  to  give  187  in  95%  yield.  Reductive 
cleavage  of  the  bridged  system  furnished  alcohol  188  (91%),  which  was  converted  to 
cyclohexenol  189  by  thermolysis  (93%).  Removal  of  the  protecting  groups  yielded 
conduritol-A  in  quantitative  yield. 

The  synthesis  of  conduritol-A  may  serve  as  an  example  of  the  methodology 
developed  recently  by  the  Fiirstner  group  who  used  ring-closing  metathesis  to  access 
several  protected  conduritol  isomers  (Scheme  51). 125 


Tetra-O-benzyl 
conduritol-A  (192) 

Scheme  5 1 . Fiirstner's  synthesis  of  tetra-O-benzyl  conduritol-A 

Gaiactitol  (190)  was  converted  in  five  steps  into  diene  191  30%  overall  yield.  The 

latter  smoothly  underwent  ring-closing  metathesis  using  either  Schrock’s  molybdenum 

catalyst1'6  or  the  ruthenium  catalyst  developed  in  Grubbs  laboratory127  to  furnish  tetra-0- 

benzyl  conduritol-A  (192)  in  >90%  yield. 

Conduritol-A  is  an  inhibitor  for  aldose  reductase  and  effective  in  preventing 

128 


cataracts  in  rats  with  diabetes. 
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Conduritol-B 

Muller  had  reported  in  1907,  that  the  pentaacetate  of  6-bromoquercitol  gave  a 
product  with  the  formula  C|4Hig08  upon  treatment  with  zinc  in  acetic  acid.129  These 
results  were  later  reinvestigated  by  McCasland  and  Horswill  (Scheme  52). 105 

OH  OAc 

HO.  X.  .OH 

Xjc 

ho  V'oh 

OH 
5 


AcBr 


Zn 


OAc 


Zn 


194 


Scheme  52.  The  synthesis  of  conduritol-B  by  McCasland  and  Horswill 

They  prepared  bromoacetates  193  and  194,  respectively,  and  found  that  they 
yielded  the  same  product  195  upon  reduction.  After  deprotection  they  isolated  conduritol- 
B (138),  the  structure  of  which  was  confirmed  by  conversion  to  known130  1 ,2,3,4- 
cyclohexanetetrol. 

Conduritol-B  was  also  one  of  the  products  obtained  by  Nakajima  et  al.  as 
described  earlier  for  conduritol-A  (Scheme  39). 108 

In  1970,  Nagabhushan  developed  a synthesis  of  conduritol-B,  also  starting  from 


131 


myo-inositol  (Scheme  53). 
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Scheme  53.  Nagabhushan's  synthesis  of  conduritol-B 

Mvo-inositol  was  converted  to  its  cyclohexylidene  ketal,  followed  by  acetylation 
of  the  hydroxyl  groups  to  give  196. 132  After  removal  of  the  ketal,  the  remaining  two 
hydroxyl  groups  were  converted  to  their  thiocarbonate  to  give  198  (40%).  Deoxygenation 
after  Corey-Winter  was  performed  using  trimethyl  phosphite  to  furnish  195  (81%),  which 
gave  conduritol-B  (138)  in  74%  yield  after  hydrolysis  of  the  esters. 

The  procedure  was  later  improved  by  Angyal  et  al ,82  as  well  as  Radin  and  co- 
workers,  who  both  had  found  an  easier  access  to  conduritol-B-epoxide,  which  can  be 
deoxygenated  to  give  conduritol-B. 

The  first  enantioselective  synthesis  of  conduritol-B  was  reported  in  1981  by 
Paulsen  et  al.  and  is  shown  in  Scheme  54. 134  Quebrachitol  (107)  was  converted  to  tosylate 
199,  which  after  treatment  with  base  and  subsequent  benzylation  furnished  epoxide  200 
(88%).  Reductive  deoxygenation  of  200  with  3-methyl-2-(selenoxo)  benzothiazole 
(SOBT)135  followed  by  debenzylation  furnished  conduritol-B  (138)  in  55%  yield. 
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Scheme  54.  Paulsen's  synthesis  of  conduritol-B 
In  the  paper  describing  their  approach  towards  conduritol-A,  Aleksejezyk  and 
Berchtold  also  demonstrated  the  feasibility  of  their  methodology  for  the  preparation  of 
conduritol-B  (Scheme  55).111 


conduritol-B  (138) 

Scheme  55.  The  synthesis  of  conduritol-B  by  Aleksejezyk  and  Berchtold 
Diol  157  was  brominated  with  NBS  in  aqu.  THF  to  furnish  bromohydrin  201. 
Epoxide  formation  followed  by  hydrolysis  yielded  conduritol-B  (138). 

The  Vogel  group  published  their  synthesis  of  conduritol-B  in  1990,  starting  from 


bicyclic  nitrile  202  (Scheme  56). 136 
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Scheme  56.  The  synthesis  of  conduritol-B  by  the  Vogel  group 
Nitrile  202  was  saponified  with  base  and  treated  with  formalin  to  furnish  ketone 
203  (93%),  which  was  converted  to  dibenzyl  ketal  204  (86%)  using  a method  developed 
in  the  Noyori  group.137  Epoxidation  (93%)  and  ring  opening  with  fluorosulfonic  acid 
yielded  diol  206  in  87%  yield.  The  benzyl  ether  was  cleaved  by  hydrogenolysis  (83%) 
and  the  alcohols  protected  as  silyl  ethers  to  yield  ketone  208  (94%).  The  bicyclic  system 
was  then  cleaved  with  TBSOTf  to  afford  enone  208  (89%).  Reduction  with  DIBAL-H 
gave  a 1:5  mixture  of  alcohols  209  and  210,  respectively  (83%  combined  yield).  Isomer 
210  was  then  treated  with  HF  to  furnish  conduritol-B  (138)  in  86%  yield. 

A compound  with  the  conduritol-B  configuration  was  prepared  in  1990  by  Balci’s 

138 


group  (Scheme  57). 
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Scheme  57.  Balci's  synthesis  of  a conduritol-B  derivative 
Benzene-oxide  211  was  converted  to  endoperoxide  212  according  to  a known 
procedure.139  140  Reductive  cleavage  of  the  peroxide  followed  by  acylation  of  the  alcohols 
provided  cyclohexene  derivative  213.  Ring-opening  under  acidic  conditions  afforded  a 
2:1  mixture  of  the  tetraacetates  of  conduritol-F  (214)  and  conduritol-B  (195)  in  a 
combined  yield  of  67%. 

The  first  synthesis  of  (+)-conduritol-B  was  reported  in  1991  by  Akiyama  and  co- 
workers (Scheme  58). 141 


OBz 

BzCK  OBz 


(+)-Conduritol-B 


Scheme  58.  Akiyama's  synthesis  of  (-t-)-conduritol-B 
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Diol  215,  which  they  had  prepared  earlier  for  a different  project,142  was  subjected 
to  Corey-Winter  conditions  (88%  yield  for  two  steps),  followed  by  hydrolysis  of  the 
esters  to  furnish  (-t-)-conduritol-B  in  quantitative  yield. 

Billington  and  co-workers  prepared  conduritol-B  in  1994  (Scheme  59). 119 
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Scheme  59.  Billington's  synthesis  of  conduritol-B 
Epoxide  175,  obtained  as  a by-product  in  their  synthesis  of  conduritol-A  (compare 
Scheme  47)  was  deprotected  with  fluoride  and  subjected  to  aqueous  hydrolysis  to  furnish 
the  title  compound. 

An  improved  procedure  for  the  synthesis  of  racemic  conduritol-B  was  described 
in  1994  by  the  Taylor  group  (Scheme  60). 143 


conduritol-B  (138) 


Scheme  60.  The  synthesis  of  conduritol-B  by  the  Taylor  group 
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Benzoquinone  was  brominated  to  give  enone  216,  which  was  subsequently 
reduced  to  afford  diol  217.  Acetylation  of  the  latter  followed  by  acetolysis  furnished 
conduritol-B  tetraacetate  (195),  which  could  be  deprotected  to  give  conduritol-B  (138). 

Another  preparation  of  (+)-conduritol-B  was  reported  in  1997  by  the  Ley  group, 
starting  from  a derivative  of  myo-inositol  (Scheme  61). 144 
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Scheme  61.  Ley's  synthesis  of  (+)-conduritol-B 
The  two  hydroxyl  groups  in  l,2:4,5-di-(9-cyclohexylidene-myo-inositol  (219), 
which  is  available  from  myo-inositol  in  one  step,  were  converted  to  their  TBDPS-ethers 
to  give  220  (72%),  followed  by  cleavage  of  one  of  the  acetals  to  furnish  221  in  76%  yield. 
Reaction  of  221  with  (25,  2’5)-2,2’-diphenyl-6,6’-bi(3,4-dihydro-2//-pyran)  (222) 
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allowed  for  protection  of  the  free  hydroxyl  groups  as  well  as  resolution  in  one  step  to  give 
chiral  species  223  in  35%  yield.  After  switching  the  protecting  groups  from  TBDPS  to 
benzyl  (61%),  the  cyclohexylidene  acetal  was  selectively  cleaved  to  give  diol  225  in 
quantitative  yield.  Corey-Winter  deoxygenation  of  225  provided  olefin  226  (97%),  which, 
after  removal  of  all  protecting  groups,  furnished  (+)-conduritol-B  (138)  in  quantitative 
yield. 


Kornienko  and  D’Alarcao  and  reported  a ring-closing  metathesis  approach 
towards  a protected  conduritol-B  derivative  in  1999  (Scheme  62). 145 
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Scheme  62.  The  synthesis  of  tetra-O-benzyl  conduritol-B  by  Kornienko  and  D’Alarcao 
Xylose  derivative  227  was  converted  into  enal  228  by  Wittig-olefination  and 
subsequent  oxidation.  Grignard  addition  to  228  gave  a mixture  of  two  diasteriomeric 
alcohols,  the  ratio  of  which  could  be  varied  from  8: 1 to  1 :3  by  choice  of  conditions.  After 
separation  of  the  two  products,  the  a-isomer  of  229  was  subjected  to  metathesis 
conditions  to  give  tetra-O-benzyl  conduritol-B  (230)  in  95%  yield. 
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Starting  from  the  same  building  block  as  for  conduritol-A,  the  Ogasawara  group 
was  also  able  to  prepare  conduritol-B  in  1999  (Scheme  63). 124 
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Scheme  63.  Ogasawara's  synthesis  of  conduritol-B 
Ether  185  was  deprotected  under  acidic  conditions  (91%)  followed  by 
benzoylation  of  the  alcohol  to  give  benzoate  231  (99%).  Epoxidation  of  the  double  bond 
(91%)  followed  by  ring-opening  of  the  epoxide  under  acidic  conditions  then  led  to  diol 


232  in  76%  yield.  The  hydroxyl  groups  in  232  were  protected  as  MOM-ethers  to  give 
ether  233  (97%).  After  cleavage  of  the  ether  bridge  (99%),  the  resulting  alcohol  was 
protected  as  a MOM-ether  (82%)  and  the  benzoate  hydrolyzed  under  basic  conditions  to 
afford  alkene  234  in  94%  yield.  Thermolysis  of  234  led  to  cyclitol  235  (96%),  which, 
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after  oxidation,  reduction  and  cleavage  of  the  protecting  groups,  gave  conduritol-B  (138) 
in  87%  yield  for  three  steps. 

Conduritol-C 


The  first  synthesis  of  conduritol-C  was  accomplished  by  McCasland  and  Reeves 
by  using  a similar  approach  as  they  had  employed  for  conduritol-B  (Scheme  64). 146 
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Scheme  64.  McCasland  and  Reeves'  synthesis  of  conduritol-C 
£pi-inositol  (2)  was  treated  with  acetyl  bromide  and  acetic  anhydride  to  afford 
new  bromoinositol  237.  Reduction  with  zinc  in  acetic  acid  followed  by  deprotection 
under  basic  conditions  furnished  conduritol-C  (139).  The  stereochemistry  of  the  latter 
was  confirmed  by  hydrogenation  and  matching  of  the  resulting  saturated  tetrol  with  a 
compound  earlier  prepared  by  Postemak  and  Friedli.l47The  Nakajima  group  has  prepared 
conduritol-C  in  two  steps  from  diol  157  (Scheme  65). 108 
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Scheme  65.  Nakajima's  synthesis  of  conduritol-C  tetraacetate 
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Osmylation  of  157  in  the  presence  of  silver  perchlorate,  followed  by  acetylation 
gave  the  tetraacetate  of  conduritol-C,  which  proved  to  be  identical  with  the  compound 
prepared  by  McCasland  and  Reeves.146  Surprisingly,  the  authors  could  not  isolate  any 
product  with  conduritol-F  configuration  from  that  reaction  as  one  might  expect. 

Conduritol-C  tetraacetate  was  also  synthesized  from  the  ds-benzene  diol  by 
Aleksejezyk  and  Berchtold  (Scheme  66).m 

1.  PhC03H 
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conduritol-C 
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Scheme  66.  Berchtold's  synthesis  of  conduritol-C  tetraacetate 
Cw-diol  157  was  treated  with  perbenzoic  acid  to  give  an  epoxide,  which  could  be 
hydrolyzed  to  furnish  conduritol-C  tetraacetate  (238).  Based  on  earlier  work,64  Yurev  and 
Zefirov  reported  a convergent  approach  towards  conduritol-C  in  1961  (Scheme  67). 148 


conduritol-C  (139) 


Scheme  67.  The  synthesis  of  conduritol-C  by  Yurev  and  Zefirov 
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The  [4+2]  cycloaddition  of  furane  (46)  and  ethylenecarbonate  (47)  gave  a mixture 
of  Diels-Alder  products  48  and  49,  respectively.  Upon  hydrolysis  with  acid  and  cleavage 
of  the  carbonate,  both  compounds  converged  to  conduritol-C  (139). 

In  1989,  the  Vogel  group  reported  their  approach  towards  conduritol-C  (Scheme 
68), 149  using  the  same  starting  material  that  they  had  used  for  their  conduritol-B  synthesis. 


Scheme  68.  Vogel's  synthesis  of  conduritol-C 
Nitrile  202  was  dihydroxylated  to  furnish  diol  239  in  58%  yield.  After  protection 
of  the  hydroxyl  groups  as  TBS-ethers  (36%),  saponification  produced  ketone  241  (80%). 
Ring-opening  with  TMSOTf  afforded  242  (36%),  followed  by  removal  of  the  TMS  group 
to  give  alcohol  243  in  71%  yield.  The  latter  was  converted  to  its  acetate  (95%)  and 
subjected  to  Luche-reduction  conditions  to  give  all-cw  alcohol  244  (92%).  Mitsunobu 
inversion  of  244  (87%),  followed  by  deprotection  with  fluoride  ion  gave  conduritol-C 
(139)  in  71%  yield. 
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The  first  synthesis  of  (+)-conduritol-C  was  reported  in  1991  by  Carless  and  Oak 
(Scheme  69). 150 
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Scheme  69.  Carless  and  Oak's  synthesis  of  (+)-conduritol-C 
Chiral  fluorodiol  245  was  oxidized  with  mCPBA  in  the  presence  of 
trifluoroacetic  acid  to  give  247  via  epoxide  246  in  25%  overall  yield.  Acetylation 


followed  by  Luche-reduction  produced  a 2:1  mixture  (78%  overall  yield)  of  conduritol-C 
(248)  and  conduritol-D  (249)  configured  products,  which  were  separated  after  acylation 
(95%).  Deprotection  with  potassium  carbonate  in  methanol  afforded  (-t-)-conduritol-C  in 
88%  yield. 

Later,  Carless  reported  the  synthesis  of  the  (+)-enantiomer,  starting  from  the 
chloro-analogue  of  diol  245  (Scheme  70).152  Oxidation  of  diol  165  with  mCPBA  afforded 
epoxide  250  in  61%  yield.  Acid-catalyzed  solvolysis  of  250  afforded  tetrol  251  (66%), 
which  upon  treatment  with  sodium  in  liquid  ammonia  gave  to  (-)-conduritol-C  in  70% 
yield. 
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Scheme  70.  Carless'  synthesis  of  (-)-conduritol-C 
Another  chemoenzymatic  approach  was  reported  in  1991  by  Johnson  and  co- 
workers, which  allowed  them  to  access  both  enantiomers  of  conduritol-C  (Scheme  71). 153 
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Scheme  71.  Johnson's  synthesis  of  (+)-  and  (-)-conduritol-C 
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Meso- diol  29,  which  was  obtained  from  benzene  by  oxidation  with  Pseudomonas 
putida,  was  converted  to  its  acetonide  (82%),  followed  by  singlet  oxygen  addition  and 
subsequent  reduction  to  furnish  diol  64  in  an  overall  yield  of  58%.  Desymmetrization  of 
64  was  achieved  by  acetylation  with  lipase  from  Pseudomonas  cepacia  to  give  chiral 
alcohol  252  (90%).  For  the  synthesis  of  (-)-conduritol-C,  252  was  subjected  to  Mitsunobu 
conditions,  followed  by  removal  of  all  protecting  groups  to  give  (-)-139  in  84%  overall 
yield.  The  (-t-)-isomer  was  obtained  by  protection  of  the  free  OH-group  in  252  as  silyl 
ether,  removal  of  the  acetate  and  inversion  of  the  free  alcohol  to  give  alkene  254. 
Complete  deprotection  (overall  yield:  59%)  afforded  (+)-conduritol-C. 

Another  approach  towards  (-)-conduritol-C  was  reported  in  1991  by  Hudlicky  and 
co-workers  (Scheme  72). 116 
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Scheme  72.  Hudlicky's  synthesis  of  (-)-conduritol-C 
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Chiral  diol  165  was  protected  as  an  acetonide,  followed  by  photooxidation  and 
reduction  to  give  enone  255  in  88%  overall  yield.  After  protection  of  the  alcohol  as  silyl 
ether  (85%),  the  latter  was  reduced  with  L-selectride  to  furnish  enol  257  (52%).  Removal 
of  the  protecting  groups  under  acidic  conditions  furnished  (-)-conduritol-C. 

The  Balci  lab  prepared  conduritol-C  from  benzoquinone  in  1992  (Scheme  73). 154 
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Scheme  73.  Balci's  synthesis  of  conduritol-C 
Bromination  of  p-benzoquinone  followed  by  subsequent  reduction  led  to  diol  217. 
Acetylation  with  acetic  anhydride  furnished  diacetate  218  in  76%  yield  followed  by 
oxidation  of  the  double  bond  and  protection  of  the  resulting  diol  to  give  tetraacetate  258 
(51%).  Elimination  of  the  bromides  furnished  cyclohexene  derivative  238  (61%),  which 
could  be  converted  to  conduritol-C  (139)  by  deprotection  with  ammonia  in  methanol 


(80%). 


The  Vanderwalle  group  reported  their  approach  towards  (-)-conduritol-C  in  1992 
(Scheme  74).  118  Their  starting  material,  diol  170, ll_  was  converted  to  di-n-propyl  ester 
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171  and  desymmetrized  with  lipase  (PGL)  to  give  mono-ester  172  in  83%  yield  (>95% 
ee).  Protection  of  the  remaining  alcohol,  followed  by  saponification  of  the  ester  gave 
allylic  alcohol  259  (97%). 
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Scheme  74.  Vanderwalle's  synthesis  of  (-)-conduritol-C 


Mitsunobu  inversion  of  the  free  alcohol  followed  by  acidic  hydrolysis  furnished 
(-)-conduritol-C  in  90%  yield. 


Takano  et  al.  published  their  rather  tedious  synthesis  of  conduritol-C  in  1993 
(Scheme  75). 155  Diels-Alder  adduct  260  was  resolved  by  lipase-assisted  acylation  (87%), 
followed  by  protection  of  the  remaining  hydroxyl  group  as  a MOM-ether  (88%)  and 
removal  of  the  acetate  to  give  262.  Treatment  of  262  with  NBS  afforded  bromoether  185 
(67%  over  two  steps),  which  was  subsequently  dihydroxylated  to  give  diol  186  in  85% 
yield.  Protection  of  the  OH-groups  as  MOM-ethers  gave  187,  which  was  subjected  to 


reductive  conditions  to  yield  olefin  188  (77%).  Oxidation  of  the  OH  group  in  188, 
followed  to  by  retro-Diels-Alder  reaction  gave  enone  264  in  60%  yield.  Selective 
reduction  and  removal  of  the  MOM-ethers  yielded  (-)-conduritol-C  in  84%  yield. 
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Scheme  75.  Takano's  synthesis  of  (-)-conduritol-C 
Mereyala  and  Gaddam  reported  their  synthesis  of  both  isomers  of  conduritol-C  in 
1994  (Scheme  76). 1-1  Acetate  265  (compare  Scheme  48)  was  deprotected  under  basic 
conditions  to  give  alcohol  266,  which  upon  acidic  hydrolysis  gave  (+)-conduritol-C. 
When  alcohol  266  was  subjected  to  Mitsunobu  conditions,  benzoate  267  was  obtained  by 
rearrangement.  Deprotection  of  267  furnished  (-)-conduritol-C  in  63%  overall  yield, 
starting  from  alcohol  266. 
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Scheme  76.  The  synthesis  of  both  isomers  of  conduritol-C  by  Mereyala  and  Gaddam 

In  1994,  conduritol-C  was  also  prepared  by  Billington  et  a/.119  by  applying  the 
strategy  developed  in  the  Berchtold  lab  (compare  Scheme  66). 

An  approach  towards  both  isomers  of  conduritol-C  was  reported  in  1998  by 
Biickvail  and  Yoshizaki  (Scheme  77). 156,  157  Commercially  available  diol  29  was 
converted  to  its  acetonide  (86%),  followed  by  palladium-catalyzed  trans-\,A- 
diacetoxylation  to  furnish  alkene  268  in  71%  yield.  The  latter  could  then  be  deprotected 
to  give  racemic  conduritol-C  (88%).  The  racemic  diacetate  268  was  subjected  to 
enzymatic  resolution  to  give  diol  269  and  chiral  diacetate  (+)-268,  respectively  (49%  total 
yield).  Both  of  these  compounds  could  then  be  deprotected  to  give  (+)-  and  (-)-conduritol- 
C in  98%  and  99%  yield,  respectively. 

The  Ogasawara  group  used  the  same  strategy  described  earlier  for  their  synthesis 


of  conduritol-C  in  1999  (Scheme  78). 124 
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Scheme  77.  Backvall  and  Yoshizaki's  synthesis  of  rac-,  (+)-  and  (-)-conduritol-C 


Alkene  185  was  deprotected  under  acidic  conditions  (91%),  followed  by  inversion 
of  the  hydroxyl  group  under  Mitsunobu-conditions  to  furnish  benzoate  270  in  86%  yield. 
Dihydroxylation  of  alkene  270  gave  diol  271  (97%). 


After  removal  of  the  benzoate,  all  hydroxyl  groups  were  protected  as  MOM-ethers 
to  produce  272  in  89%  yield  for  two  steps.  Reductive  cleavage  of  the  ether  bridge  (85%), 
followed  by  thermolysis  afforded  alcohol  274  (84%),  which,  after  complete  deprotection, 
gave  conduritol-C  in  93%  yield.  Hudlicky  and  co-workers  reported  an  approach  towards  a 
“reagent-free”  synthesis  of  conduritol-C  in  1999  (Scheme  79). 158  Diol  59  was  protected  as 
its  acetonide,  followed  by  transformation  of  the  latter  to  trans- diol  275. 


66 


1.  HCI,  MeOH 
THF 


2.  Mitsunobu 


1.  NaOMe,  MeOH 

2.  MOMCI,  Pr2NEt 


OMOM 

'OMOM 

OMOM 

274 


HCI 


MeOH 


Scheme  78.  The  synthesis  of  conduritol-C  by  Ogasawara  et  al. 


Electrochemical  removal  of  the  bromide  (60%),  followed  by  acetal  hydrolysis 


gave  conduritol-C  in  24%  yield  from  diol  59. 
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Scheme  79.  Hudlicky’s  second-generation  synthesis  of  (-)-conduritol-C 
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Conduritol-D 


The  first  synthesis  of  conduritol-D  was  achieved  by  Angyal  and  Gilham,  starting 
from  ept-inositol  (Scheme  80). 77, 159 


Scheme  80.  The  synthesis  of  conduritol-D  by  Angyal  and  Gilham 
£pi-inositol  (2)  was  protected  as  its  diacetonide,  followed  by  transformation  of  the 
remaining  two  hydroxyl  groups  into  their  p-nitrophenylsulfonyl  esters  to  furnish  66. 
Elimination  was  performed  at  elevated  temperatures  to  afford  protected  tetrol  67,  which 
could  be  hydrolyzed  to  yield  conduritol-D.  A Diels-Alder  approach  towards  conduritol-D 
was  reported  by  Criegee  and  Becher  in  1957  (Scheme  81). 160 
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Scheme  8 1 . The  synthesis  of  conduritol-D  by  Criegee  and  Becher 
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The  [4+2]  cycloaddition  of  £',£'-diacetoxybutadiene  (278)  with  ethylenecarbonate 
(47)  furnished  protected  tetrol  279,  the  saponification  of  which  led  to  conduritol-D. 

Carless  and  Oak  described  their  chemoenzymatic  approach  towards  conduritol-D 
in  1989  (Scheme  82).114 


conduritol-D  (31) 

Scheme  82.  The  synthesis  of  conduritol-D  by  Carless  and  Oak 


Diol  29,  obtained  by  microbial  oxidation  of  benzene,  was  exposed  to  singlet- 
oxygen  to  furnish  a mixture  of  peroxides  161  and  280,  respectively.  After  separation,  280 
could  be  converted  to  conduritol-D  by  reduction  with  thiourea  in  methanol.  The  authors 
have  also  prepared  several  derivatives  of  conduritol-D.161 

The  Sweeney  group  has  shown  in  two  publications  that  hydroxyhalogenation  can, 
in  principle,  be  employed  in  the  synthesis  of  the  tetraacetate  of  conduritol-D,  although 
they  comment  that  their  procedure  lacks  synthetic  applicability  (Scheme  83).162’ 163 

Diacetate  285  was  subjected  to  hydroxyiodination  to  give  alcohol  286  (60%), 
which  could  be  converted  to  alkene  287  by  acetylation  and  subsequent  elimination  (63%). 
The  hydroxyiodination  of  287  did  not  proceed  as  expected  and  a 1:2.3  mixture  of  alcohols 
288  and  289,  respectively,  was  obtained,  both  of  which  were  acetylated  to  give 
tetraacetates  290  and  291  (53%  overall  yield). 
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Scheme  83.  Sweeney's  approach  towards  conduritol-D 
Reaction  of  the  mixture  with  DBU  afforded  a small  amount  (26%)  of  the  target 
molecule  169  along  with  aromatized  product  293  and  starting  material  291,  which  could 
be  converted  to  conduritol-D  tetraacetate. 

Donohoe  and  co-workers  reported  their  synthesis  of  conduritol-D  in  1997 
(Scheme  84). 164  Diol  59  was  oxidized,  using  a directed  hydroxylation  strategy,165  to 
furnish  diol  281  as  the  main  product  (82%),  along  with  a small  amount  (18%)  of  282  in  a 
total  yield  of  79%.  After  protection  of  the  diols  as  acetonides  to  give  283  and  284,  the 
mixture  could  be  separated  (90%  total  yield).  The  bromide  in  284  was  reduced  under 


radical  conditions  (96%),  followed  by  acidic  hydrolysis  of  the  acetonides  to  give 
conduritol-D  (31)  in  79%  yield. 
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Scheme  84.  The  synthesis  of  conduritol-D  by  Donohoe  et  al. 

Using  their  aforementioned  strategy,  the  Ogasawara  group  prepared  conduritol-D 
in  1999  (Scheme  85). 1-4  Alkene  185  was  dihydroxylated  (97%)  and  the  hydroxyl  groups 
protected  as  benzyl  ethers  to  afford  compound  294  (97%).  Reductive  cleavage  of  the 
ether  bridge  gave  alcohol  295  (98%),  which  upon  thermolysis  furnished  allylic  alcohol 
296  in  90%  yield.  Directed  hydroxylation  of  the  alkene  (96%),  followed  by  MOM- 
protection  gave  cyclohexane  derivative  297  (96%).  After  removal  of  the  benzyl  ethers 
(93%),  the  resulting  diol  was  converted  to  thiocarbonate  298  (94%),  which  was 
subsequently  deoxygenated  to  give  alkene  299  (97%).  Deprotection  of  the  latter  then 
furnished  conduritol-D  in  quantitative  yield. 
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Scheme  85.  Ogasawara’s  synthesis  of  conduritol-D 


Conduritol-E 


The  first  stereospecific  synthesis  of  conduritol-E  was  reported  by  Angyal  and 
Gilham  in  1955  (Scheme  86)77, 159  and  involved  a similar  strategy  as  they  had  applied  for 
the  preparation  of  conduritol-D. 

Ditosylate  300  was  converted  to  alkene  73  by  Nal  catalysis,166  followed  by 
hydrolysis  to  furnish  conduritol-E  (140). 
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Scheme  86.  The  synthesis  of  conduritol-E  by  Angyal  and  Gilham 
The  synthesis  of  conduritol-E  was  also  accomplished  by  the  Nakajima  lab  in  1957 
as  mentioned  earlier  for  conduritol-A  (Scheme  39). 108  Their  first  approach  was, 
nonetheless,  not  stereospecific  and  therefore  of  limited  use.  Later,  they  published  a 
second  synthesis,  this  time  starting  from  m-benzene  diol  diacetate  (Scheme  87). 167 
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Scheme  87.  Nakajima's  second  synthesis  of  conduritol-E 
Protected  diol  301  was  hydroxylated  followed  by  acetylation  of  the  two  newly 
introduced  OH-groups  to  yield  tetraacetate  302.  Hydrolysis  of  the  latter  afforded 
conduritol-E  (140).  After  almost  thirty  years  without  a reported  synthesis  of  conduritol-E, 
Hudlicky  and  co-workers  published  their  approach  in  1991  (Scheme  88). I68' 169 
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Scheme  88.  Hudlicky’s  synthesis  of  conduritol-E 
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Protected  diol  98  was  d/hydroxyl ated  to  give  diol  71  (85%).  The  bromide  in  71 


was  removed  under  radical  conditions  (85%),  followed  by  deprotection  under  acidic 
conditions  to  furnish  (-)-conduritol-E  in  99%  yield. 


The  Vanderwalle  group  has  shown,  that  (-)-conduritol-E  can  be  obtained  from 
chiral  alcohol  172  (Scheme  89). 118 
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Scheme  89.  The  synthesis  of  (-)-conduritol-E  by  the  Vanderwalle  group 
Alcohol  172  (compare  Scheme  46)  was  hydrogenated  (95%)  followed  by 
elimination  of  the  alcohol  to  furnish  alkene  305  in  89%  yield.  The  latter  was  hydroxylated 
and  the  resulting  diol  protected  as  an  acetonide  (39%)  to  give  306.  After  removal  of  the 
propyl  ester  (98%),  307  was  treated  with  triphenylphosphine  and  DEAD  to  accomplish 
dehydrogenation  to  give  cyclohexene  derivative  301  (89%),  which  was  subsequently 
deprotected  to  produce  (-)-conduritol-E  in  85%  yield.  By  using  a similar  strategy  as  they 
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had  employed  for  the  synthesis  of  conduritol-C,  the  Balci  group  prepared  conduritol-E  in 
1992  (Scheme  90). 154 


Scheme  90.  Balci's  synthesis  of  conduritol-E 
Known  alkene  217170  was  epoxidized  to  give  oxirane  308,  which  was  opened  with 
sulfuric  acid  to  furnish  tetrol  309  (61%).  After  protection  of  the  diols  as  acetonides 
(88%),  the  bromides  were  eliminated  to  give  alkene  303  (74%),  which  could  be 
deprotected  under  acidic  conditions  to  give  conduritol-E  (140)  in  77%  yield. 

The  Chapleur  lab  prepared  (-)-conduritol-E  from  a D-mannose  derivative  in  1993 
(Scheme  91). 171  The  primary  alcohol  of  methyl-a-D-wuz/ino  pyranoside  (311)  was 
iodinated,  followed  by  acetylation  to  give  iodide  312  in  91%  yield.  Elimination  of  HI  was 
accomplished  with  silver  fluoride,  followed  by  removal  of  the  acetates  and  protection  of 
the  alcohols  as  benzyl  ethers  to  give  313  (83%).  Ferrier-rearrangement  of  313  led  to 
cyclohexanone  derivative  314  in  80%  yield.  The  free  alcohol  was  tosylated,  which 
resulted  in  elimination  to  afford  unsaturated  ketone  315  (82%). 
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Scheme  91 . The  synthesis  of  (-)-conduritol-E  by  Chapleur  et  al. 

Upon  reduction  under  Luche-conditions,  two  isomeric  alcohols  were  obtained, 
both  of  which  were  benzoylated  to  produce  310  (20%)  and  317  (71%),  which  could  be 
separated  by  MPLC.  Deprotection  of  317  with  sodium  in  liquid  ammonia  yielded  (-)- 
conduritol-E  in  72%  yield. 

Takano  and  co-workers  used  an  asymmetric  dihydroxylation  approach  in  their 
synthesis  of  conduritol-E  in  1994  (Scheme  92). 172  Meso-diol  29  was  converted  to  its 
benzylidene  acetal,  which  formed  as  a single  isomer  in  72%  yield.  The  latter  was  then 
subjected  to  Sharpless’  asymmetric  hydroxylation  procedure  to  give  diol  319  (60%), 
which  could  be  deprotected  with  ion-exchange  resin  to  produce  conduritol-E  (140)  in 
75%  yield. 
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Scheme  92.  The  synthesis  of  conduritol-E  by  Takano  et  al. 

Angelaud  and  Landais  reported  a synthesis  of  (+)-conduritol-E  in  1996  (Scheme 
93).  Chlorodimethylphenyl  silane  (320)  was  subjected  to  Birch  reduction  to  furnish 
diene  321  (70%),  which  was  desymmetrized  by  enantioselective  dihydroxylation  and  the 
resulting  diol  protected  as  acetonide  to  yield  322. 
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Scheme  93.  The  synthesis  of  (+)-conduritol-E  by  Angelaud  and  Landais 
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Interestingly,  this  also  converted  the  silanol  to  a silyl  ether.  The  latter  was  then 
cleaved  to  furnish  allylic  alcohol  323  in  50%  overall  yield  (65%  ee),  which  was  subjected 
to  Sharpless-epoxidation  to  produce  epoxide  324  (80%).  The  latter  was  opened  with 
LDA,  followed  by  acidic  hydrolysis  to  give  (+)-conduritol-E  (140)  in  70%  yield. 

A derivative  of  (+)-conduritol-E  has  been  prepared  by  Lee  and  Chang,  starting 
from  a diethyl-L-tartrate  derivative  (Scheme  94). 174 
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Scheme  94.  An  approach  towards  the  conduritol-E  skeleton  by  Lee  and  Chang 
Protected  diethyl-L-tartrate  325  was  converted  to  diene  326  in  a few  steps  in  46% 
overall  yield.  Ring  closing  metathesis  of  326  furnished  conduritol-E  derivative  327  in 
73%  yield.  The  authors  did,  however,  not  report  the  deprotection  to  free  conduritol-E. 

The  Ogasawara  group  prepared  conduritol-E  in  1999  by  employing  their 
previously  mentioned  approach  (Scheme  95).124 
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Scheme  95.  Ogasawara's  synthesis  of  conduritol-E 


The  free  alcohol  in  alkene  189  (compare  Scheme  50)  was  inverted  under 
Mitsunobu  conditions  followed  by  hydrolysis  of  the  benzoate  to  give  329  (70%  for  two 
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steps).  Deprotection  of  the  latter  under  acidic  conditions  produced  conduritol-E  (140)  in 
quantitative  yield. 

The  Mehta  group  has  used  their  approach  for  a//o-inositol  (compare  Scheme  24) 
also  for  the  synthesis  of  conduritol-E  (Scheme  96). 79 


conduritol-E  (140) 

Scheme  96.  Mehta's  synthesis  of  conduritol-E 


Ester  80  was  converted  to  alkene  73  as  described  earlier.  Deprotection  of  73 
furnished  conduritol-E  (140)  in  93%  yield. 

By  improving  an  earlier  approach,1'5  Cere  and  co-workers  were  able  to  prepare 
(-)-conduritol-E  in  2000  (Scheme  97). 176 
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Scheme  97.  Cere's  synthesis  of  (-)-conduritol-E 
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Thioether  331,  obtained  from  D-mannitol  (330)  by  a known  procedure,177  was 
oxidized  to  the  corresponding  sulfone  332  (97%).  The  latter  was  subjected  to  a Ramberg- 
Backlund  reaction  to  give  cyclohexane  derivative  333,  which  could  be  deprotected  to 
furnish  (-)-conduritol-E  in  59%  yield. 


Conduritol-F 


Conduritol-F  was  first  isolated  in  1962  by  Plouvier178  from  Chrysanthenum 
leucanthemum  and  named  L-leucanthemitol.  The  first  synthesis  of  conduritol-F,  however, 
was  accomplished  by  Nakajima  and  co-workers  three  years  earlier  without  them  knowing 
about  the  compound’s  occurrence  in  nature  (Scheme  98). 167 


conduritol-F  (141) 

Scheme  98.  Nakajima’s  synthesis  of  conduritol-F 
Protected  ds-benzene  diol  301  was  oxidized  to  give  epoxide  334,  which  gave 
conduritol-F  (141)  after  acidic  hydrolysis. 

An  enantioselective  synthesis  of  conduritol-F  was  developed  in  1981  by  Paulsen 
et  al.  (Scheme  99). 134  Reaction  of  l-O-toluenesulfonyl-L-dz/ro-inositol  (335)  with 
dimethoxy  propane  afforded  a 2:3  mixture  of  diisopropylidene  derivatives  336  and  337 
(87%  total  yield),  which  could  be  separated  by  chromatography.  Tosylation  of  the  free 
alcohol  in  336  (95%)  followed  by  reductive  elimination  and  ketal  hydrolysis  furnished 
conduritol-F  (141)  in  65%  yield. 
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Scheme  99.  Paulsen's  synthesis  of  conduritol-F 
The  compound  prepared  by  Paulsen  et  al.  had  [a]20  = -70.5°,  whereas  the  one 
isolated  by  Plouvier  possessed  [a]20  = +101.5°.  This  indicates  that  naturally  occurring 
conduritol  has  the  D-configuration.  However,  the  difference  in  the  values  of  the  specific 
rotation  has  never  been  explained.  The  Balci  group  accomplished  a stereospecific 
synthesis  of  conduritol-F  in  1990  (Scheme  100). 138 
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Scheme  100.  Balci's  synthesis  of  conduritol-F 
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Trans- benzene  diacetate  (142)  was  subjected  to  photooxygenation  to  give 
peroxide  339  (56%),  which  was  reduced  to  give  olefin  340.  Hydrolysis  of  the  acetates 
yielded  conduritol-F  (141). 

Le  Drian  and  Vogel  were  able  to  prepare  (+)-conduritol-F  in 
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Scheme  101.  An  approach  towards  (+)-conduritol-F  by  Le  Drian  and  Vogel 
1990  by  using  the  same  approach  that  had  led  them  to  conduritol-B  (Scheme 

101) . 136  Nitrile  202  was  converted  to  alcohol  209  (compare  Scheme  56),  which  could 
then  be  deprotected  to  furnish  (+)-conduritol-F. 

Ley  and  Redgrave  prepared  both  enantiomers  of  conduritol-F  in  1990  (Scheme 

102) . 179  Diol  29  was  converted  to  its  carbonate,  followed  by  epoxidation  to  give  vinyl 
oxirane  341  in  47%  overall  yield.  Regioselective  ring  opening  of  341  with  ( R)-sec - 
phenethyl  alcohol  (342)  gave  a 1:1  mixture  of  isomeric  alcohols  343  and  344  (67%),  both 
of  which  could  be  deprotected  to  afford  (+)-  and  (-)-conduritol-F  in  80%  and  85%  yield, 
respectively. 


82 


1.  (MeO)2CO 
NaOMe 


2.  mCPBA 


29 


341 


HBF4OEt2 


I 342 

Ph-'XJH 


(+)-conduritol-F 

Scheme  102.  The  synthesis  of  (+)-  and  (-)-conduritol-F  by  Ley  and  Redgrave 
In  1991,  Akiyama  and  co-workers  reported  the  synthesis  of  the  (-)-  enantiomer  of 
conduritol-F  (Scheme  103). 141 


Scheme  103.  The  synthesis  of  (-)-conduritol-F  by  Akiyama  et  al. 
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L-Quebrachitol  (107)  was  converted  to  alcohol  345,  which  was  demethylated 
using  aluminum  chloride  and  iodide  to  give  diol  346  in  78%  yield.  The  latter  was  then 
converted  to  its  thiocarbonate,  which  was  treated  with  trimethylphosphite  to  give 
cyclohexene  derivative  347  (90%  for  two  steps).  Deprotection  of  alkene  347  under  acidic 
conditions  furnished  (-)-conduritol-F  in  90%  yield.  The  authors  later  reported  an 
improved  procedure,  in  which  they  used  cyclohexylidene  protecting  groups  instead  of 
acetonides,  but  other  than  that  followed  the  same  route.180 

In  1991,  the  Hudlicky  group  reported  a concise  synthesis  of  (+)-conduritol-F 
(Scheme  104).168'169 


(+)-conduritol-F 

Scheme  104.  Hudlicky's  synthesis  of  (+)-conduritol-F 


Protected  diol  98  was  epoxidized  with  mCPBA  (80%),  followed  by  ring  opening 
to  furnish  trans-diol  99  (63%).  After  removal  of  the  halogen  under  radical  conditions 
(79%),  acidic  deprotection  led  to  (+)-conduritol-F  in  99%  yield. 

The  Vanderwalle  group  reported  their  synthesis  of  (-)-conduritol-F  in  1992 
(Scheme  105). 118  Chiral  ester  305  (compare  Scheme  89)  was  converted  to  benzyl  ether 

348  in  80%  yield.  The  double  bond  in  348  was  then  converted  to  an  epoxide  to  furnish 

349  (83%),  followed  by  ring  opening  and  subsequent  acetylation  to  give  diacetate  350 
(80%).  After  removal  of  the  benzyl  group  the  alcohol  was  subjected  to  Mitsunobu 
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conditions,  which  resulted  in  elimination  to  give  cyclohexene  derivative  352  in  75%  yield 


for  two  steps.  Full  deprotection  of  the  latter  then  yielded  (-)-conduritol-F  (37%). 
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Scheme  105.  Vanderwalle's  synthesis  of  (-)-conduritol-F 
In  1995,  Yoshimitsu  and  Ogasawara  and  reported  a synthesis  of  (+)-conduritol-F, 
starting  from  a conduritol-E  derivative  (Scheme  106). 181 
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Scheme  106.  The  synthesis  of  (+)-conduritol-F  by  Yoshimitsu  and  Ogasawara 
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1 ,2-OBenzylidene  conduritol-E  (353)155  was  subjected  to  Mitsunobu  conditions 
by  treatment  with  p-nitrobenzoic  acid  (/>NBA)  and  diisopropyl  azodicarboxylate  to  give 
alcohol  354  in  79%  yield  (87%  ee).  Removal  of  the  p-nitrobenzoate  furnished  355  (81%), 
which  upon  treatment  with  ion-exchange  resin  gave  (+)-conduritol-F  (80%). 

The  Chapleur  group  prepared  (-)-conduntol-F  in  1993  (Scheme  107). 171 


OBz 
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Na 

NH3  (I) 


Scheme  107.  Chapleur's  synthesis  of  (-)-conduritol-F 
By  using  the  same  approach  as  they  had  employed  for  (-)-conduritol-E  (compare 
Scheme  91)  they  converted  D-mannose  derivative  311  into  two  diastereomeric  alcohols 
316  and  317,  respectively.  After  separation,  316  was  deprotected  with  sodium  in  liquid 
ammonia  to  afford  (-)-conduritol-F. 

In  1995,  the  Zwanenburg  lab  reported  a synthesis  of  conduritol-F,  starting  from  a 

123 


Diels- Alder  adduct  (Scheme  108). 
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Scheme  108.  Zwanenburg’s  synthesis  of  conduritol-F 
Diels-Alder  product  356  was  converted  to  an  epoxide  to  give  357  in  93%  yield. 
The  latter  was  then  reduced  under  Luche-conditions  to  furnish  a diol,  the  hydroxyl  groups 
of  which  were  protected  as  acetates  to  produce  358  (81%  over  two  steps).  Thermolysis  of 
358  furnished  epoxide  359,  which  was  opened  with  water  to  give  diol  360  (65%). 
Deprotection  under  basic  conditions  yielded  conduritol-F  (141)  in  quantitative  yield. 

Chiara  and  Valle  reported  their  synthesis  of  (-)-conduritol-F  in  1995  (Scheme 

109)." 


114  361 


Scheme  109.  The  synthesis  of  (-)-conduritol-F  by  Chiara  and  Valle 
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Diol  114,  an  intermediate  in  their  synthesis  of  L-c/n'ro-inositol  (compare  Scheme 
34),  was  subjected  to  Barton  deoxygenation  to  afford  cyclohexane  derivative  361  (79%). 
The  latter  could  easily  be  deprotected  to  furnish  (-)-conduritol-F. 

An  enantioselective  synthesis  of  both  isomers  of  conduritol-F  was  published  in 
1996  by  the  Nicolosi  group  (Scheme  1 10). 182 
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(-)-conduritol-F 

Scheme  1 10.  The  synthesis  of  (+)-  and  (-)-conduritol-F  by  Nicolosi  et  al. 

Meso- diol  29  was  desymmetrized  using  an  enzymatic  acetylation,  affording  chiral 
alcohol  362  in  89%  yield  (>98%  ee).  Hydroxylation  under  Milas-conditions183  produced  a 
3:2  mixture  of  diastereomers  363  and  364.  After  acylation  with  propionic  anhydride  the 
mixture  could  be  separated  to  give  365  (48%)  and  366  (32%),  respectively.  Either  isomer 
was  subjected  to  Luche-reduction,  followed  by  deprotection  to  afford  (+)-  and  (-)- 
conduritol-F  in  90%  and  88%  yield,  respectively. 
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Starting  from  a Diels-Alder  product,  the  Ogasawara  group  prepared  (-)-conduritol- 
F in  1999  (Scheme  1 1 1).124 


Scheme  111.  The  synthesis  of  (-)-conduritol-F  by  Ogasawara  et  al. 

The  benzoate  in  328  was  removed  under  basic  conditions  followed  by  protection 
of  all  three  alcohols  as  MOM-ethers  to  furnish  367  in  92%  yield.  Reductive  cleavage  of 
the  ether  bridge  furnished  alkene  368  (91%),  which  was  converted  to  cyclohexane 
derivative  369  by  thermolysis  (77%).  Deprotection  under  acidic  conditions  produced  (-)- 
conduritol-F  in  quantitative  yield. 

By  using  the  same  approach  they  had  used  for  conduritol-E,  Cere  and  co-workers 
prepared  (-)-conduritol-F  in  2000  (Scheme  1 12). 175' 176  D-Sorbitol  (111)  was  converted  to 
thioether  370  in  a few  steps.  After  oxidation  to  the  sulfone  (87%),  371  was  subjected  to  a 
Ramberg-Backlund  reaction  to  give  cyclohexene  derivative  372  (79%),  which  could  be 
deprotected  to  furnish  (-)-conduritol-F  in  77%  yield. 
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Scheme  1 12.  Cere's  synthesis  of  (-)-conduritol-F 


Inositol  Oligomers 

Introduction 


Over  the  years,  a variety  of  natural  products  containing  an  inositol  as  well  as  a 
saccharide  unit  (glycopyranosyl  cyclitols)  have  been  isolated  from  various  sources. 
Examples  of  these  glycopyranosyl  cyclitols  are  shown  in  Figure  4. 


373  fagopyritol  A1  374 


Figure  4.  Some  naturally  occurring  glycopyranosyl  cyclitols184, 185 
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Since  it  was  discovered  in  1996,  that  insulin  mimetic  phospholigosaccharides  are 
present  in  rat  hepatocytes,  considerable  interest  in  the  synthetic  community  has  been 
devoted  to  this  area  as  well  as  to  the  preparation  of  glycosyl  phosphatidyl  inositol 
anchors.187’188 

Furthermore,  it  has  been  suggested  that  glycopyranosyl  cyclitols  can  act  as 
putative  insulin  mimics,  and  especially  phosphorylated  inosityl  glycans  have  been  found 
to  act  as  a substitute  for  insulin  in  vitro.  Figure  5 shows  the  structures  of  some  of  these 
putative  insulin  mimics. 


OH  OH 


375  376 


Figure  5.  The  structures  of  some  putative  insulin  mimics 
Conjugate  375  has  been  synthesized  by  the  groups  of  Berlin,190  d’Alarcao,191  and  Ley192 
whereas  376  has  been  prepared  by  the  Falck  laboratory.193  The  latter  compound  has  also 
been  shown  to  display  modest  insulin  agonist  activity. 

In  1994,  Billington  and  co-workers  reported  several  conduritol-related  compounds 
(Figure  6). 119 
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Figure  6.  Examples  of  insulin  release  modulators  prepared  by  Billington  et  al. 
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They  also  found,  that  these  compounds  were  able  to  modulate  the  release  of 
insulin  from  isolated  pancreatic  islets  in  the  presence  of  varying  concentrations  of 
glucose.  The  Balci  group  has  prepared  fo's-homo-conduritol-D  and  F as  potentially 
biologically  active  conduritol  derivatives  (Scheme  1 13).194' 195 


OAc 


1.  Ac20,  H- 

2.  NH3,  MeOH 


1.  Zn,  DMSO 

2.  NH3,  MeOH 


b/s-homo-conduritol-F  (387)  £>/s-homo-conduritol-D  (384) 

Scheme  113.  The  synthesis  of  b/s-homo-conduritols  by  Balci  et  al. 
Bromination  of  cyclooctatetraene  (380)  gave  bicyclic  compound  381. 
Photooxygenation  of  381  with  singlet  oxygen  followed  by  reduction  with  thiourea 
afforded  alkene  382  in  60%  yield.  For  the  synthesis  of  the  conduritol-D  derivative,  the 
double  bond  was  oxidized  with  potassium  permanganate  and  the  resulting  alcohols 
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protected  as  acetates  to  give  all -cis  tetraacetate  383  (68%).  Reductive  removal  of  the 
halogens  followed  by  hydrolysis  of  the  esters  under  basic  conditions  afforded  6/s-homo- 
conduritol-D  (384).  For  the  synthesis  of  the  conduritol-F  derivative,  alkene  382  was 
epoxidized  and  the  halogens  eliminated  with  zinc  in  DMSO  to  give  alkene  386  in  84% 
yield.  Acetolysis  of  the  epoxide  followed  by  removal  of  the  acetates  under  basic 
conditions  produced  6/'.y-homo-conduritol-F  (387)  in  90%  yield. 

In  1999,  Mehta  and  Reddy  prepared  polyhydroxylated  hydrinanes  as  potential 
glycomimetics  (Scheme  1 14). 196 
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Scheme  1 14.  The  synthesis  of  polyhydroxylated  hydrinanes  by  Mehta  and  Reddy 
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. Tricyclic  allylic  alcohol  388  was  obtained  in  enantiopure  form  by  kinetic 
enzymatic  acylation.197  Osmylation  of  the  two  double  bonds  followed  by  protection  of  the 
resulting  diols  afforded  alcohol  389  in  50%  yield.  The  cyclopentylidene  acetal  was 
cleaved  with  ion-exchange  resin  to  give  ketone  390  (92%),  which  was  subjected  to  Bayer- 
Villiger  oxidation  (90%)  to  afford  a 60:40  mixture  of  two  esters,  391  and  392, 
respectively.  Both  isomers  were  separated  and  each  one  was  reduced  with  LAH  to  afford 
triols  393  and  394  in  70%  yield.  Hydrolysis  of  the  acetals  afforded  the  free 
polyhydroxylated  hydrinanes  395  and  396  in  95%  yieldln  the  same  publication,  the  Mehta 
group  also  prepared  the  all -cis  analog  of  396  (Scheme  1 15). 


mCPBA 


Scheme  115.  Mehta's  synthesis  of  an  all-cfy  polyhydroxy  hydrinane 
Racemic  allyl  acetate  397  was  converted  to  triacetate  398  in  three  steps  in  41% 
overall  yield.  Hydroxylation  of  the  double  bond  followed  by  protection  of  the  resulting 
diol  gave  399  (88%).  Bayer-Villiger  oxidation  furnished  ester  400  in  95%  as  a single 
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isomer.  Reduction  of  the  esters  followed  by  acidic  hydrolysis  of  the  acetonides  produced 
the  all-c/s  polyhydroxy  hydrinane  402  in  60%  yield.  All  three  compounds  were  evaluated 
for  their  glycosidase  inhibition  properties,  but  found  to  be  inactive. 

Shortly  thereafter,  Mehta’s  group  also  reported  the  synthesis  of  decalin-based 
polyols  (Scheme  1 16). 198 
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Scheme  1 16.  Mehta’s  synthesis  of  a polyhydroxy  decalin 
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Known  Diels-Alder  product  403199  was  subjected  to  dihydroxylation  followed  by 
protection  to  afford  404  (58%).  The  halogens  in  404  were  removed  under  dissolved  metal 
conditions  to  produce  alkene  405  in  88%  yield.  Another  osmylation  reaction  followed  by 
protection  of  the  resulting  diol  and  hydrolysis  of  the  dimethyl  acetal  gave  diol  406  (92%). 
Bayer-Villiger  oxidation  of  the  latter  resulted  in  the  formation  of  lactone  407  (42%). 
Reduction  of  the  esters  followed  by  acidic  hydrolysis  of  the  acetals  afforded  polyol  409  in 
54%  yield.  In  the  same  publication,  they  also  reported  the  preparation  of  diquinane-based 
polyols  (Scheme  1 17). 
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Scheme  1 17.  Mehta's  synthesis  of  a diquinane  based  polyol 
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Chiral  alcohol  388  was  converted  to  bromoether  410  by  treatment  with  NBS 
(80%).  Dihydroxylation  of  the  double  bond  followed  by  protection  of  the  resulting  diol  as 
an  acetonide  furnished  411  in  75%  yield.  Reductive  cleavage  of  the  bromoether 
proceeded  by  hydrolysis  of  the  cyclopentylidene  acetal  gave  enone  412  (75%).  Hydride 
reduction  of  412  occurred  from  the  less  hindered  face  to  give  413  (90%)  after  protection 
of  the  alcohol  as  a TBDMS-ether.  Compound  413  was  then  subjected  to  dihydroxylation, 
periodate  cleavage,  and  hydride  reduction  to  afford  414  (60%).  Removal  of  the  protecting 
groups  under  acidic  conditions  produced  polyol  415  in  90%  yield. 

Both  polyols,  409  and  415,  respectively,  were  screened  for  their  inhibition  activity 
against  a-  and  (3-  galactosidase  and  (3-mannosidase  but  no  significant  inhibition  was 
found. 

In  1999,  Mehta  and  Ramesh  also  reported  the  synthesis  of  decalin-based 
bicyclitols  (Scheme  1 18).200 


Scheme  118.  The  synthesis  of  a bicyclitol  by  Mehta  and  Ramesh 
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Known  diene  416199’  201  was  subjected  to  osmylation  followed  by  selective 


monoprotection  and  reductive  dechlorination  to  afford  diol  417  in  24%  overall  yield. 
Cleavage  of  the  dimethyl  acetal  and  thermally  induced  decarbonylation  led  to  diene  418 
(61%).  0s04  mediated  double  dihydroxylation  and  deprotection  under  acidic  conditions 
provided  bicyclitol  419  in  81%  yield.  Compound  419  was  found  to  be  a powerful 
inhibitor  of  a-glucosidase  with  a Kj  value  of  12  pM. 

The  authors  also  reported  the  synthesis  of  a second  bicyclitol  with  different 
stereochemistry  in  the  same  paper  (Scheme  119).  Diol  405  (compare  Scheme  116)  was 
treated  with  ion-exchange  resin  to  remove  the  dimethyl  acetal  followed  by 
decarbonylation  at  elevated  temperatures  to  afford  diene  420  in  32%  yield.  Double 
dihydroxylation  of  the  double  bonds  and  acidic  hydrolysis  of  the  acetals  furnished 
bicyclitol  421  (66%). 


HO 

405 


OH 


420 


1. 0s04,  NMNO 
2.  30%  TFA 


421 


Scheme  1 19.  Mehta's  synthesis  of  a second  bicyclitol 
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Compound  421  exhibited  no  inhibition  towards  a-  or  (3-glycosidases,  indicating 
that  the  stereochemical  pattern  of  the  hydroxyl  groups  in  these  bicyclitols  has  major 
influence  on  the  inhibition  properties,  since  419  was  found  to  be  very  active  {vide  supra). 

More  recently,  Mehta  and  Ramesh  have  also  reported  the  synthesis  of  additional 
hydrinane-based  polycyclitols,  even  though  this  was  only  accomplished  in  racemic  form 
(Scheme  120).202 


Scheme  120.  Mehta's  synthesis  of  bicyclitol  423 
Alkene  398  (compare  Scheme  115)  was  treated  with  ion-exchange  resin  to 
accomplish  hydrolysis  of  the  dimethyl  acetal  and  then  subjected  to  thermal 
decarbonylation  to  give  diene  422  (44%).  Double  dihydroxylation  and  subsequent 
hydrolysis  of  the  acetates  under  basic  conditions  provided  polyol  423  in  53%  yield. 

In  the  same  publication,  Mehta’s  group  also  reported  two  bicyclitol  diastereomers 
with  different  stereochemistry  (Scheme  121).  Alcohol  412  (compare  Scheme  117)  was 
subjected  to  thermal  decarbonylation  to  give  diene  424  in  67%  yield.  Singlet-oxygen 
addition  followed  by  reductive  cleavage  of  the  peroxide  bond  afforded  triol  425  (48%). 
Dihydroxylation  of  425  gave  two  diastereomers,  which  could  be  separated  after 
protection  to  give  426  (17%)  and  427  (56%),  respectively.  Both  isomers  were  deprotected 
with  trifluoroacetic  acid  to  provide  polyols  428  and  429  in  yields  of  88%  and  92%, 
respectively. 
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Scheme  121.  Mehta's  synthesis  of  new  bicyclitols 
Starting  from  alcohol  424  ( vide  supra)  they  were  also  able  to  prepare  another 
isomer  with  different  stereochemistry  (Scheme  122). 


424  430  431 

Scheme  122.  Mehta's  synthesis  of  bicyclitol  431 
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Alcohol  424  was  subjected  to  double  dihydroxylation  to  give  430  in  83%  yield. 
Acidic  hydrolysis  of  the  acetal  protecting  groups  provided  polyol  431  (89%). 

All  new  bicyclitols  were  evaluated  for  their  inhibition  properties  towards 
glycosidases  and  found  to  be  inactive  except  for  423,  which  proved  to  be  a moderate 
inhibitor  of  a-glucosidase  with  a Kj  of  84  pM. 


Synthesis  of  Cyclitol  Oligomers 


In  1994,  Hudlicky  and  Thorpe  reported  the  first  synthesis  of  a cyclitol  dimer 
(Scheme  123). 203 
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Scheme  123.  The  synthesis  of  L-c/n'ro-inositol-ga/a-quercitol  by  Hudlicky  and  Thorpe 
Epoxide  432  was  obtained  in  three  steps  (protection,  epoxidation  and 
debromination)  from  chiral  diol  59. 7“  73  Ring  opening  with  LAH  furnished  secondary 
alcohol  433. 66  169  The  coupling  could  be  achieved  by  reacting  epoxide  432  with  alcohol 
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433  under  Lewis-acid  catalysis  to  produce  dimer  434  in  75%  yield.  Hydroxylation  of  the 
double  bonds  (74%)  followed  by  deprotection  under  acidic  conditions  furnished  L-chiro- 
inositol-ga/a-quercitol  (435)  in  98%  yield. 

In  1996,  Hudlicky  and  co-workers  reported  the  synthesis  of  a variety  of  1,2-L- 
c/n'ro-inositol  conjugates  and  oligomers.204, 205 

By  using  a similar  strategy  as  mentioned  before,  they  were  able  to  prepare  amino- 

inositol  conjugate  439  (Scheme  124). 

Br 


Scheme  124.  Hudlicky's  synthesis  of  amino-inositol-dimer  439 
Diol  59  was  converted  to  vinyl  aziridine  436  in  three  steps.  Compound  436  could 
then  be  reacted  with  alcohol  433  to  furnish  dimer  437  in  52%  yield.  The  latter  was 
hydroxylated  and  the  resulting  diols  protected  as  acetonides  to  give  438  (69%). 


102 


Deprotection  of  the  amine  moiety  followed  by  acidic  hydrolysis  of  the  acetonides 
furnished  dimer  439  in  92%  yield. 

Conduritol-amino-inositol  dimer  443  was  prepared  as  outlined  in  Scheme  125. 
Epoxide  440  and  alcohol  433  were  reacted  under  Lewis-acid  conditions  to  furnish  dimer 
441  in  64%  yield.  Epoxidation  of  the  more  reactive  double  bond  (66%)  followed  by  ring 
opening  with  sodium  azide  gave  azidohydrin  442  (87%). 


Br 


Scheme  125.  Hudlicky's  synthesis  of  a conduritol-amino-inositol  conjugate 
The  latter  was  subjected  to  tributyltin  hydride  reduction  to  remove  the  bromide 
and  to  reduce  the  azide  to  an  amine  (79%)  followed  by  acidic  hydrolysis  to  yield 
conduritol-amino-inositol  conjugate  443  in  quantitative  yield. 

Hudlicky  and  co-workers  also  prepared  a more  fully  hydroxylated  analog  as 
depicted  in  Scheme  126.  Vinyl  epoxide  432  was  reacted  with  alcohol  444  to  give  dimer 
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445  in  61%  yield.  The  latter  was  then  dihydroxylated  (72%)  and  the  resulting  diols 
protected  as  acetonides  (67%),  followed  by  reductive  cleavage  of  the  halogen  to  yield 
alcohol  446  (89%).  The  double  bond  in  446  was  transformed  to  its  epoxide  (86%) 
followed  by  ring  opening  with  sodium  azide  to  give  447  (82%).  Reduction  of  the  azide 
with  LAH  and  subsequent  acidic  hydrolysis  produced  dimer  448  in  68%  yield. 


Scheme  126.  Hudlicky's  synthesis  of  amino-inositol  conjugate  448 
Hudlicky’s  group  also  prepared  several  L-c/uVo-inositol  oligomers  as  depicted  in 
Scheme  127  for  a trimer.  Vinyl  epoxide  440  was  reacted  with  benzyl  alcohol  under 
camphorsulfonic  acid  catalysis  to  afford  alcohol  130  (55%).  The  latter  was  reacted  with 
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vinyl  epoxide  440  again  to  produce  dimer  449  in  79%  yield.  This  dimer  was  then  again 
reacted  with  440  to  furnish  trimer  450  (55%).  The  bromides  in  450  were  then  removed 
under  radical  conditions  to  afford  451  (81%).  The  three  double  bonds  in  compound  451 
were  hydroxylated  and  the  resulting  diols  protected  as  acetonides.  This  was  followed  by 
hydrogenolysis  of  the  benzyl  group  and  cleavage  of  the  acetals  under  acidic  conditions  to 
yield  L-c/jj'ra-inositol  trimer  452  in  53%  yield  (4  steps). 


Br 


Scheme  127.  Hudlicky's  synthesis  of  a L-c/i/ro-inositol  trimer 
Hudlicky’s  group  also  applied  the  same  strategy  to  the  synthesis  of  neo-inositol 


dimers  and  trimers. 
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Furthermore,  this  approach  has  also  yielded  higher  oligomers  of  L-c/tiro-inositol 
such  as  tetramers,205  pentamers206  and  octamers.206 

In  the  same  paper,  Hudlicky’s  group  also  reported  the  synthesis  of  an  CMinked 
pseudosugar  conjugate  (Scheme  128). 
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Scheme  128.  Hudlicky's  synthesis  of  an  CMinked  pseudosugar  conjugate 
Diol  453  was  converted  to  its  acetonide  followed  by  osmylation  and  subsequent 
protection  to  give  alkene  454  in  75%  overall  yield.  Methoxycarbonylation  of  the  latter 
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afforded  ester  455  (90%).  Hydrogenation  of  the  double  bond  yielded  saturated  ester  456 
(92%),  which  was  reduced  to  produce  primary  alcohol  457  in  74%  yield.  The  latter  could 
be  reacted  with  vinyl  epoxide  440  under  Lewis-acid  conditions  to  yield  coupling  product 
458  (62%).  Removal  of  the  bromide  under  radical  conditions  afforded  alkene  459  (91%). 
Hydroxylation  of  the  double  bond  followed  by  acidic  hydrolysis  of  the  acetals  gave  the 
free  pseudosugar  conjugate  460  in  87%  yield. 

In  1997,  the  Hudlicky  group  reported  the  first  synthesis  of  polyhydroxylated 
tetrahydronaphthalene  ethers  (Scheme  129  and  Scheme  130).207 


463  R = OH 


464  R = OMe 


Scheme  129.  Hudlicky's  synthesis  of  tetrahydronaphthalene  alcohols 
Dihydronapthtalene  diol  461  [obtained  by  whole-cell  fermentation  of  naphthalene 
with  E.  coli  JM109  (pDTG601)]  was  protected  as  its  acetonide  followed  by  epoxidation 
to  afford  462.  Ring  opening  with  either  KOH  in  DMSO  or  NaOMe  in  MeOH  gave  diol 

463  and  alcohol  464,  respectively. 

The  coupling  reaction  was  achieved  under  Lewis-acid  catalysis  by  reacting  either 

464  with  epoxide  462  to  give  dimer  465,  or  by  reacting  diol  463  with  epoxide  462  to  give 
a 3:1  mixture  of  466  and  465  (50%  total  yield)  that  was  easily  separable  (Scheme  130). 
Both  dimers  could  be  deprotected  under  acidic  conditions  in  80%  yield  to  afford 
tetrahydronaphthalene  dimers  467  and  468,  respectively.  In  the  same  year,  the  Hudlicky 
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lab  also  reported  the  synthesis  of  an  amino-bridged  tetrahydronaphthalene  dimer  (Scheme 
13 1).208 


Scheme  130.  Hudlicky's  synthesis  of  polyhydroxylated  tetrahydronaphthalene  dimers 
Diol  461  was  converted  to  epoxide  462  {vide  supra).  Ring  opening  of  462  was 
achieved  with  sodium  azide,  followed  by  reduction  of  the  amine  under  Staudinger 
conditions  ’ to  afford  amine  469.  The  latter  was  reacted  with  epoxide  462  in  r-BuOH 
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at  elevated  temperature  to  produce  TV-linked  dimer  470  in  50%  yield.  Compound  470  was 
deprotected  under  acidic  conditions  to  yield  free  TV-linked  tetrahydronaphthalene  dimer 
471  (90%). 


Scheme  131.  Hudlicky’s  synthesis  of  an  amino-bridged  tetrahydronaphthalene  dimer 
In  1991,  the  Hudlicky  group  reported  the  synthesis  of  an  aminohydroxylated 
tetrahydronaphthalene  dimer  (Scheme  132).“ 11  Diol  461  was  converted  in  two  steps  into 
epoxide  462  (see  above).  The  latter  could  be  opened  with  sodium  azide  to  provide 
azidohydrin  472.  Lewis-acid  catalyzed  ring  opening  of  462  with  472  followed  by 
protection  afforded  dimer  473  in  27%  yield.  Reduction  of  the  azide  and  the  ester  followed 
by  deprotection  with  hydrochloric  acid  in  methanol  provided  dimer  474  as  its 
hydrochloride  salt. 
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Scheme  1 32.  Hudlicky's  synthesis  of  an  aminohydroxylated  tetrahydronaphthalene  dimer 
All  dimers  were  also  evaluated  for  their  inhibition  activity  towards  glycosidases, 
but  none  of  the  compounds  showed  any  inhibition  at  concentrations  up  to  10  mM. 

Molecular  Properties 

The  three-dimensional  structure  of  the  aforementioned  cyclitol  oligomers  has  been 
studied  theoretically  by  the  group  of  Hudlicky  and  it  was  found  that  molecules  of  this 
kind  are  prone  to  helix  formation.205 

Molecular  mechanics  calculations  of  the  structures  of  dimer  435,  trimer  452,  and 


tetramer  475  are  depicted  in  Figure  7. 
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Figure  7.  Inositol  oligomer  structures 


These  results  indicate  that  smaller  fragments  are  prone  to  the  formation  of  (3-turns, 
which  by  themselves  can  be  regarded  as  helix  fragments. 

Furthermore,  a comparison  was  drawn  between  a (hypothetical)  octamer  of  L- 
c/n'ro-inositol  (476)  and  an  octamer  of  L-proline  (477).  Although  the  amino  acid  oligomer 
is  stabilized  by  hydrogen  bonds  whereas  the  cyclitol  octamer  does  not  possess  any  H- 
bonds  between  two  inositol  residues,  the  similarity  between  these  two  structures  is 
striking. 

Some  of  the  oligomers,  such  as  amino  cyclitol  439  showed  stable  intramolecular 
hydrogen  bonds,  which  indicated  their  potential  to  form  higher  order  assemblies. 

The  metal-chelating  properties  of  this  cyclitol  dimer  were  tested  by  doping  an 
aqueous  solution  of  amine  hydrochloride  439  with  an  aqueous  solution  of  calcium 
chloride.  Following  slow  evaporation  of  the  solvent  at  room  temperature,  the  resulting 


crystals  were  analyzed  by  X-ray  diffraction.  It  was  shown,  that  they  possessed  the 
extended  secondary  helical  structure  shown  in  Figure  8. 


Figure  8.  Crystal  structure  of  a cyclitol-calcium  complex 
Analysis  of  the  X-ray  data  showed,  that  the  crystals  exhibited  an  ordered  array  of 
calcium  ions  bridging  two  amino  cyclitol  residues.  Chloride  ions  as  well  as  a water 
molecule  of  crystallization  link  the  amino  residues  in  chains  and  between  chains. 

This  allows  the  dimers  to  form  a compact  and  symmetrical  structure,  which  is 
energetically  favored  as  a crystal  lattice. 

Inositol  Signaling  Pathways 

Historical  and  Introduction 

In  the  eighties  of  our  twentieth  century,  it  was  demonstrated212  that  inositol 
phospholipids  are  part  of  a signaling  pathway  called  the  phosphoinositide  cascade,  a 
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cellular  communication  system  that  makes  use  of  second  messengers.213  This  occurs  by 
converting  extracellular  stimuli  into  intracellular  second  messengers,  which  are 
responsible  for  a wide  variety  of  cellular  responses. 

Berridge  defines  the  following  criteria  for  molecules  to  be  considered  as  a second 
messenger:214 

• The  concentration  or  turnover  of  the  second  messenger  must  increase 
rapidly  during  stimulation  with  hormones  or  neurotransmitters. 

• Specific  degradation  mechanisms  must  be  present  to  turn-off  the  internal 
signal  once  the  extracellular  agonist  has  been  removed. 

• The  second  messenger  must  be  capable  of  activating  internal  signals 
responsible  for  altering  cellular  activity. 

This  allows  certain  molecules  like  hormones  and  neurotransmitters  to  induce 
certain  cellular  responses  without  entering  the  cell  itself.  If  the  abovementioned  agonists 
bind  to  receptors  on  the  cell  surface,  the  second  messengers  get  released. 

However,  events  leading  to  the  discovery  that  inositol  phosphates  participate  in 
such  a signaling  pathways  began  thirty  years  earlier  with  observations  by  Hokin  and 
Hokin.'  ' They  showed  that  acetylcholine  stimulates  the  turnover  of  phosphatidylinositol 
in  exocrine  pancreas.  The  turnover  of  phosphatidate  also  increased,  but  not  that  of  the 
major  membrane  phospholipids.  However,  the  function  of  this  system  remained  a mystery 
for  the  next  thirty  years. 

The  key  reaction  of  this  signaling  pathway  is  depicted  in  Scheme  133. 
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Scheme  133.  The  key  step  of  the  inositol  signaling  pathway 
The  binding  of  agonists  to  receptors  on  the  cell  surface  stimulates  the  hydrolysis 
of  phosphatitylinositol  4,5-bisphosphate  (478)  to  produce  diacylglycerol  (479)  and 
inositol  1,4,5-trisphosphate  (480),  both  acting  as  second  messengers  in  the  cell. 

DG  stays  in  the  plane  of  the  membrane  and  activates  protein  kinase  C (PKC),  an 
enzyme  that  specifically  phosphorylates  proteins,  whereas  IP3  stimulates  the  release  of 
intracellular  calcium. 


The  Mechanism  of  the  Phosphoinositide  Cascade 

The  beauty  of  this  receptor  mechanism  lies  in  the  fact  that  both  second 
messengers  are  produced  by  a single  transduction  event:  the  hydrolysis  of  PfP2.  The  latter 
is  produced  by  consecutive  phosphorylation  of  phosphatidylinositol  (PI)  where  two 
additional  phosphate  groups  are  added  at  the  4-  and  5-position  (Scheme  134). 
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PIP2  (478) 

Scheme  134.  The  formation  of  PIPt  from  PI 
PI  itself  is  formed  by  reaction  of  reaction  of  myoinositol  and  diacylglycerol 
cytidine  diphosphate  (CDP-DG),  catalyzed  by  PI  synthase  (Scheme  135). 


OH 


Scheme  135.  The  biosynthesis  of  phosphatidylinositol  (PI) 
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If  a receptor  at  the  cell  surface  is  occupied,  rapid  cleavage  of  PIP2  to  IP3  and  DG 
by  an  enzyme  called  phospholipase  C (PLC)  occurs. 

Figure  9 shows  how  these  second  messengers  are  able  to  induce  a cellular 
response. 


I External 
1 signal 


Figure  9.  The  initiation  of  cellular  responses  by  second  messengers216 
The  water-soluble  IP3  diffuses  through  the  cytoplasm  to  the  endoplasmatic 
reticulum  (ER)  from  which  it  stimulates  the  release  of  Ca2+  into  the  cytoplasm.  This 
occurs  by  binding  of  IP3  to  an  ER-bound  transmembrane  channel,  known  as  the  IP3 
receptor.  The  Ca2+  ions  stimulate  several  different  cellular  processes,  which  happens 
through  an  intermediate  called  calmodulin  and  its  homologs. 


116 


The  lipophilic  DG  stays  in  the  plasma  membrane  and  acts  as  a second  messenger 
there.  If  phosphatidylserine  (PS)  and  Ca2+  are  present  it  activates  protein  kinase  C.  This 
membrane  bound  enzyme  - which  is  actually  a whole  class  of  enzymes  - phosphorylates 
several  different  proteins. 

Some  cells  are  able  to  further  degrade  DG,  which  mainly  consists  of  l-stearoyl-2- 
arachidonyl-sn-glycerol,  to  arachidonate.  The  latter  is  the  starting  material  for  the 
biosynthesis  of  prostaglandinds,  prostacyclins,  thromboxanes  and  leukotrienes,  all  of 
which  are  paracrine  hormones,  modulating  a wide  range  of  physiological  processes. 

After  IP3  and  DG  have  fulfilled  their  messenger  functions,  they  get  converted  to 
inositol  and  CDP-DG,  which  are  converted  to  phosphatidyl  inositol.  From  this  point  on 
the  circle  can  begin  all  over  again.  Figure  10  summarizes  the  whole  metabolic  pathway  in 
abbreviated  form. 
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Figure  10.  Summary  of  the  inositol  signaling  pathway217 
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The  Activation  of  Phosphorylase  Kinase  by  Ca 


2+ 


Phosphorylase  kinase  is  a 1200  kD  enzyme  which  is  activated  by  Ca2+ 
concentrations  as  low  as  10'7  M.  It  consists  of  four 
(non-identical)  subunits,  forming  an  active 
oligomer  with  a (a(3y5)4  configuration.  The  a, (3 
and  y-  subunit  are  inhibitors  of  the  catalytic 
reaction,  whereas  the  8-subunit  (known  as 
calmodulin  [CaM])  has  the  full  catalytic  activity  2nm 


(Figure  1 1 ) 
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If  Ca~+  binds  to  one  of  the  four  calcium- 
binding sites  in  CaM,  the  protein  undergoes  an 
extensive  conformational  change,  which  activates 
this  enzyme.  As  soon  as  it  is  “turned-on”  it  starts  to 
phosphorylate  glycogen  phosphorylase,  one  of  the 
key  enzymes  of  glycogen  metabolism.  This  results  in  an  increase  in  the  rate  of  glycogen 
breakdown.  This  whole  process  has  an  enormous  biological  significance  and  provides  an 
excellent  example  of  the  unique  way  how  intracellular  pathways  are  connected.  The  rate 
of  glycogen  breakdown  is  linked  to  the  rate  of  muscle  contraction,  which  is  triggered  by 
the  release  of  cytosolic  Ca2+  from  intracellular  depots.  Therefore,  if  a muscle  is 
contracted,  calcium  is  released  and  the  breakdown  of  glycogen  is  increased.  This,  in  turn, 
provides  starting  material  for  glycolysis,  which  generates  the  ATP  that  is  necessary  for 


COOH 


Figure  1 1 . The  crystal  structure 
of  calmodulin 


the  muscle  contraction. 
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Phospholipase  C (PLC)  Activating  Receptors 

There  are  two  types  of  receptors  that  are  able  to  activate  PLC: 

• G-protein-linked  receptors 

• Receptor  tyrosine  kinases  (RTKs) 

In  G-protein-linked  receptors,  the  binding  of  an  agonist  to  the  receptor  induces  its 
binding  to  Gs-protein,  which  in  turn  stimulates  the  Gsot  subunit  of  a protein  complex  to 
exchange  its  bound  GDP  to  GTP. 

After  that,  the  Gsa  GTP  complex  dissociates  from  the  rest  of  the  aggregate  and 
catalyzes  the  hydrolysis  of  its  bound  GTP  to  GDP  (Figure  12),  which  stimulates  adenylate 
cyclase  to  convert  ATP  to  cAMP. 
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Figure  12.  The  G-protein  cycle 
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By  preventing  the  hydrolysis  of  the  Gsa  -bound  GTP,  adenylate  cyclase  is  locked 
in  its  active  state.  This  constitutes  the  main  action  of  cholera  toxin,  for  example. 

Activation  of  RTKs  probably  occurs  as  a result  of  ligand-induced  receptor 
dimerization.  Each  kinase  domain  catalyzes  phosphorylation  of  its  partner.  The 
phosphorylated  dimer  can  catalyze  phosphorylation  of  various  target  proteins. 

An  example  for  that  is  the  direct  activation  of  PLC-yl  by  binding  to  its  isoform 
and  phosphorylating  at  least  three  of  its  tyrosine  residues  (Figure  13). 


(a)  Structure  of  the  epidermal 
growth  factor  (EGF)  receptor 
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(b)  Activation  of  the  EGF  receptor 


Figure  13.  The  structure  and  activation  of  a receptor  tyrosine  kinase 
The  association  of  PLC-yl  with  the  plasma  membrane  also  brings  this  enzyme  - 
which  is  normally  found  in  the  cytosol  - in  contact  with  its  substrate,  PIP3. 


120 


The  Role  of  Protein  Kinase  C (PKC) 

As  mentioned  above,  DG  acts  as  a second  messenger  by  activating  PKC  when 
Ca'+  and  phosphatidylserine  are  present.  Protein  kinase  C has  a wide  distribution  in 
animal  cells,  especially  in  brain  cells.  Its  function  is  to  activate  several  different  proteins 
by  phosphorylating  their  serine  and  threonine  residues. 

It  is  of  particular  interest  for  cancer  research  studies  that  this  enzyme  can  be 
activated  by  tumor-promoting  phorbol  esters  (Figure  14). 

RCOO 


Figure  14.  The  general  structure  of  phorbol  esters 
The  activity  of  phorbol  esters  arises  from  the  similarity  of  their  three-dimensional 
structure  to  that  of  DG.  Whereas  the  binding  of  DG  to  PKC  has  a KD-value  of  about  20  - 
100  (i.M,  the  Kd  for  phorbol  esters  has  been  determined  to  be  1 - 10  nM. 

Inhibition  of  the  Enzymes  of  the  Phosphoinositide  Cascade 

It  is  certainly  clear  that  IP3,  DG  and  other  inositol  phosphates  occupy  important 
roles  in  the  way  an  organism  responds  to  different  stimuli. 

It  was  a great  surprise  for  the  scientific  community  when  it  was  discovered  that 
Li+  is  able  to  inhibit  IPi  phosphatase,  the  enzyme  that  catalyzes  the  hydrolysis  of  inositol- 
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1-phosphate  (IP|).  Lithium  ion  is  the  molecule  with  the  smallest  molecular  weight  that  is 
biologically  active.  Its  ability  to  control  mood  swings  of  patients  suffering  from  manic- 
depression  suggests  that  this  type  of  mental  illness  is  caused  by  a malfunction  of 
phosphoinositol  signaling  pathways  in  the  brain. 

The  Inhibition  of  Glycoside  Hydrolases 

Over  the  last  decades,  increasing  evidence  indicates  the  important  role  that 
carbohydrates  and  their  corresponding  enzymes  play  in  biological  systems.  Especially 
glycosidases  - enzymes  that  hydrolytically  cleave  glycosides  - play  fundamental  roles  in 
biochemistry  and  metabolism.220 

Aside  from  their  potential  in  basic  biochemical  research,  several  glycomimetics 
have  shown  promising  therapeutic  applications  in  the  area  of  diabetes  control221, 222  as 
well  as  chemotherapy. ~'3  Especially  new  analytical  techniques  and  synthetic  protocols 
have  stimulated  the  recent  boom  in  this  area.224 

A major  goal  of  many  researchers  has  been  the  development  of  sugar  mimetics 
capable  of  inhibiting  glycosidases.225, 226 

Two  types  of  glycosidases  are  known: 

• exoglycosidases 

• endoglycosidases 

Exoglycosidases  cleave  oligosaccharides  one  sugar  at  a time,  starting  from  the 
non-reducing  end  and  are  involved  in  the  breakdown  of  starch  and  glycogen,  the 
biosynthesis  and  modification  of  glycosphingolipids  and  the  catabolism  of  peptidoglycans 


122 


and  other  glycoconjugates.  Endoglycosidases,  on  the  other  hand,  are  capable  of  cleaving  a 
glycosidic  bond  within  an  oligosaccharide  and  are  responsible  for  the  alteration  of 
bacterial  and  plant  cell  walls  and  the  hydrolysis  of  highly  insoluble  polysaccharides  such 
as  chitin  and  cellulose. 

The  cleavage  of  a glycosidic  bond  releases  a sugar  that  can  possess  the  same 
configuration  as  the  substrate  (retention)  or,  in  rare  cases,  the  opposite  anomeric 
configuration  (inversion).  The  first  mechanism  of  the  action  of  glycosidase  acting  with 
retention  of  configuration  was  proposed  in  1953  by  Koshland,  and  is,  with  minor 
modifications,  still  accepted  today  (Scheme  136).227 
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Scheme  136.  The  mechanism  of  glycosidases  acting  with  retention  of  configuration 


According  to  this  mechanism,  the  aglycon  is  activated  by  coordination  of  the 
endocyclic  oxygen  to  a carboxylic  acid  (HA).  This  happens  by  (partial)  protonation  of  the 
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aglycon.  Then  a more  or  less  concerted  nucleophilic  attack  of  a carboxylate  group  (B  ) 
occurs  from  the  other  side  of  the  pyranose  ring,  leading  to  the  formation  of  a glycoside 
ester.  It  is  unclear  to  what  extend  the  reaction  is  concerted,  however,  the  extreme  cases  of 
either  a clear  SN1  or  SN2  mechanism  seem  unlikely.  While  the  aglycon  starts  to  diffuse 
away  from  the  active  site,  it  is  replaced  by  a water  molecule.  Assisted  by  deprotonation 
from  the  carboxylate  (A  ),  the  water  molecule  attacks  the  pyranose  ring,  cleaving  the  ester 
bond  formed  earlier.  Since  both  substitutions  occur  with  inversion  of  configuration,  the 
overall  result  is  retention. 

An  overview  of  some  of  the  “classic”  glycosidase  inhibitors  can  be  found  in 
Figure  15. 


485  nojirimycin  486  1 ,4-dideoxy-1 ,4-imino-D-mannitol  487  swainsonine 

(DIM) 


488  castanospermine  489  kifunensine 

Figure  15.  Some  classic  glycosidase  inhibitors 
The  activity  of  possible  inhibitors  against  glycosidases  is  usually  monitored  by  a 
UV-assay.  This  is  based  on  the  hydrolysis  of  p-nitrophenyl  glycosides  (which  are 
commercially  available)  by  the  corresponding  enzymes  and  comparing  the  rate  of 
hydrolysis  at  different  inhibitor  concentrations.  After  a certain  time,  the  reaction  is 
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stopped  by  addition  of  a strongly  basic  buffer,  which  not  only  stops  the  enzymatic 
reaction,  but  also  converts  the  />nitrophenol  to  its  anion  (Scheme  137). 


OH 


491 

Scheme  137.  The  reaction  of  the  standard  glycosidase  assay 


The  latter  has  a distinct  yellow  color  and  its  intensity  can  be  determined  at  400  nm 
with  a UV/VIS  spectrophotometer.  A more  detailed  description  of  the  assay  is  given  in 
the  experimental  part  of  this  manuscript. 

Diaminoinositols 

Unnatural  inositol  derivatives  with  amino  groups  substituting  for  one  or  more 
hydroxyl  groups  have  attracted  interest  as  probes  for  the  investigation  of  the  inositol 
phosphate  cycle  as  well  as  potential  glycosidase  inhibitors.  Furthermore,  several 
diaminocyclitol  aminoglycosides  possess  antibiotic  activities. 

In  a great  majority  of  these  aminoglycoside  antibiotics,  the  aminocyclitol  unit  is 
either  2-deoxystreptamine  (492)  or  streptamine  (493),  both  featuring  a 1,3-arrangement  of 
the  two  amino  groups  (Figure  16). 
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492  R = H 

493  R = OH 


Figure  16.  The  structures  of  2-deoxystreptamine  and  streptamine 
Other  aminoglycoside  antibiotics  such  as  members  of  the  fortimicin  family,  first 
isolated  from  culture  broths  of  the  soil  mold  micromonospora  olivoasterospora , contain  a 
1,4-diaminoinositol  unit  (Figure  17).228'230 


495  R = OCH3  fortimicin  AK 

Figure  17.  The  structure  of  the  fortimicins 
The  group  of  Schlewer  has  prepared  l,2-dideoxy-l,2-diamino-myc>-inositol 

23 1 

(496),“  while  Kresze  and  co-workers  reported  the  synthesis  of  hexaacetate  497,  a cis- 
1, 2-diamino  derivative  of  L-chiro  inositol  (Figure  18).232 
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Figure  18.  The  structure  of  1,2-diamino  cyclitols 
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Both  of  these  compounds  were  suggested  by  the  authors  as  possible  streptamine 

analogs. 

More  recently,  the  Cere  group  prepared  several  2,3-diamino  conduritols,  some  of 
which  turned  out  to  be  good  glycosidase  inhibitors.233 


The  first  salen  ligand  and  its  copper  complex  were  prepared  by  Combes  in  1889 
while  studying  the  effect  of  diamines  on  diketones.234 

Today,  the  Schiff-bases  known  as  salens  (/V,iV’-bis(salicylaldehydo) 
ethylenediamine,  Figure  19)  have  become  one  of  the  most  important  ligand  systems  for 
asymmetric  synthesis.235 


With  the  pharmaceutical  industry’s  increased  interest  in  enantiomerically  pure 
compounds,  the  focus  of  research  over  the  last  decades  has  been  the  synthesis  of  chiral 
salen  ligands  and  their  application  in  asymmetric  synthesis.  While  these  systems  have 
been  used  in  a variety  of  different  chemical  transformations  such  as  oxidations, 
reductions  and  additions,  the  focus  of  this  chapter  will  be  the  asymmetric  epoxidation 
using  salen-based  catalyst  systems.236 


Salen-complexes 


498 


Figure  19.  The  structure  of  salen 
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During  the  1980’s,  the  Kochi  group  laid  the  foundation  for  metal-salen  catalyzed 
epoxidations  with  a series  of  papers  describing  a series  of  cationic  chromium  salen 
complexes  and  their  ability  to  epoxidize  alkenes.  (Scheme  138)237'239 

Cr(salen)OTf 
PhIO 

499  500 

Scheme  138.  Epoxidation  using  the  Cr-salen  complex  developed  by  Kochi  et  al. 

The  use  of  theses  chromium  complexes  was  limited  to  very  electron-rich  alkenes, 
however.  In  1986  Kochi  reported  similar  cationic  manganese(HI)  salen  complexes,  which 
were  also  used  to  epoxidize  alkenes  using  iodosylbenzene  as  the  co-oxidant.240 

The  first  use  of  metal-salens  for  catalytic  asymmetric  epoxidations  was  reported 
in  1986  by  the  Fujita  lab."41  In  1990,  the  Jacobsen  group  reported  chiral  Mn(IH)-salen 
complexes  which  could  epoxidize  alkenes  using  iodomesitylene  as  the  oxidant.242 

Finally,  in  August  of  1991,  Jacobsen  et  al.  reported  a series  of  chiral  manganese 
salen  complexes,  among  them  complex  501,  derived  from  trans- 1,2- 
diaminocyclohexane.243 


Figure  20.  The  structure  of  Jacobsen's  catalyst 
This  catalyst,  which  is  now  commonly  referred  to  as  “Jacobsen’s  catalyst”, 
became  Fluka  reagent  of  the  year  in  1994.  Depending  on  the  substrate  yields  of  up  to  97% 
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with  enantiomeric  purities  of  >98%  could  be  obtained  by  employing  this  complex. 
Usually,  the  method  uses  2-5  mol%  catalyst  in  an  organic  solvent  or  under  aqueous 
conditions.  The  source  of  oxygen  is  either  an  aqueous  co-oxidant  such  as  hypochlorite  or 
an  organic  peracid  such  as  mCPBA.  Furthermore,  an  additive  (e.g.  4-phenylpyridine  N- 
oxide)  is  usually  present.  It’s  main  function  is  to  prevent  the  formation  of  unreactive  p- 
oxo-Mn(IV)  dimers. 

The  mechanism  of  this  reaction  is  still  not  completely  clear  and  is  still  an  active 
topic  with  continuing  discussions.  It  is  generally  believed,  that  the  initial  complex  501  is 
oxidized  to  a reactive  oxo-Mn(V)  species,  however,  the  latter  has  never  been  isolated. 
Whereas  many  metal-catalyzed  reactions  involve  a pre-coordination  of  an  alkene  to  a 
metal  center,  this  does  not  seem  to  be  the  case  in  this  reaction;  it  is  believed,  that  the 
double  bond  approaches  the  oxygen  atom  followed  by  direct  oxygen  transfer  to  form  the 
epoxide.  Mechanistically,  there  are  many  possibilities  for  the  transfer  itself:  stepwise  via  a 
radical,  [2  + 2]  cycloaddition  leading  to  a metallaoxetane,  or  electron  and  charge  transfer. 
The  stereocontrol  of  this  reaction  is  believed  to  arise  from  a specific  approach  trajectory 
of  the  alkene  to  the  complex  with  the  ligands  ultimately  controlling  the  stereochemistry. 

One  of  the  biggest  problems  is  the  tendency  of  the  active  Mn-complex  to  form  a 
(X-oxo-Mn(IV)  dimer  which  is  not  active  and  prevents  the  continuation  of  the  catalytic 
cycle  and  as  mentioned  earlier,  several  additives  have  been  developed  to  prevent  dimer 
formation. 

The  enormous  interest  in  salen-type  catalysts  is  also  reflected  in  the  large  number 
of  recent  publications  dealing  with  this  subject.244'255 


DISCUSSION 


The  Synthesis  of  N-Linked  Cyclitol  Dimers 

Introduction 

Whereas  carbohydrates  occur  in  nature  not  only  as  monomeric  units,  but  also  as 
oligo-  and  polysaccharides,  inositols  can  only  be  found  as  monomers. 

A few  years  ago,  the  first  synthesis  of  an  inositol  dimer  was  published  (see 
previous  chapter)  thereby  setting  the  stage  for  a whole  new  class  of  unnatural  inositol 
analogs.  Inositol  dimers  resemble  disaccharides  in  their  three-dimensional  hydrogen- 
bonded  tertiary  structure  and  molecular  volume  and  have  the  potential  to  serve  not  only  as 
carbohydrate  analogs,  but  also  as  hydrophilic  scaffolds  for  a variety  of  functional  groups. 

It  has  also  been  shown,  that  inositol  dimers  having  one  or  more  hydroxyl  groups 
substituted  by  nitrogen  possess  unique  features  such  as  their  ability  to  act  as  glycosidase 
inhibitors  and  their  binding  of  metal-cations. 

With  these  facts  in  mind,  we  set  out  to  prepare  different  inositol  dimers  to  study 
the  influence  of  the  degree  and  position  of  nitrogen  substitution  on  their  structural  and 
biological  properties  as  well  as  their  ability  to  sequester  calcium  ions  out  of  aqueous 
solution. 

The  structures  of  these  synthetic  targets  are  depicted  in  Figure  21. 
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Figure  21.  The  target  molecules 

While  in  the  beginning  only  the  synthesis  of  compounds  502,  503,  and  504  was 
envisioned,  it  was  later  decided  to  prepare  amide-linked  dimer  505  and  conduritol-dimers 
506  and  507  as  well,  since  they  were  also  easily  available  by  the  approach  described  in 
this  manuscript  and  may  provide  further  insight  into  the  structural  requirements  for 
glycosidase  inhibition  as  well  as  the  molecule’s  tertiary  structures. 

Synthesis 

Introduction 

The  goal  of  this  part  of  the  project  was  the  synthesis  of  different  AMinked  inositol 
and  conduritol  dimers.  These  molecules  represent  a whole  new  class  of  cyclitol  dimers 
with  promising  molecular  properties. 


131 


Retrosynthetic  Analysis  of  the  Target  Molecules 


Upon  analyzing  the  structure  of  the  target  molecules,  a few  features  become 
immediately  obvious.  All  targets  feature  one  or  two  pairs  of  dj-diols  and  one  pair  of 
substituents  with  a trans-  relationship  of  two  substituents.  Since  the  syntheses  were 
planned  to  furnish  homochiral  materials,  the  utilization  of  a chiral  starting  material 
featuring  a ds-diol  was  envisioned.  The  introduction  of  the  second  ds-diol,  if  desired, 
could  then  be  accomplished  by  a double  osmylation  reaction. 

Since  two  substituents  feature  a frarcs-relationship  we  planned  to  achieve  the 
coupling  by  epoxide  or  aziridine  openings,  which  would  naturally  lead  to  such  an 
arrangement  of  incoming  nucleophile  and  the  oxygen  and  nitrogen  moiety,  respectively. 

The  full  retrosynthetic  analysis  is  depicted  in  Figure  22. 


502,  505 
506, 507 


Figure  22.  Retrosynthetic  analysis  of  the  target  molecules 
All  four  targets  can  be  traced  back  to  the  same  precursor  508,  which  we 
envisioned  to  be  accessible  by  a two-fold  vinyl  epoxide  opening  of  440,  which  itself  is 
accessible  from  chiral  ds-diol  59. 
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Synthesis  of  the  Common  Precursor  508 


To  satisfy  our  self-set  goal  to  produce  homochiral  materials,  we  chose  chiral  diol 
59  as  starting  material.  The  latter  is  easily  available  by  whole-cell  fermentation  of 
bromobenzene  with  E.coli  JM109  (pDTG601)  as  depicted  in  Scheme  139. 

Br  Br 
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Scheme  139.  The  whole-cell  fermentation  of  bromobenzene 
This  reaction  was  performed  on  a 10  L scale  and  furnished  the  desired  chiral  diol 
in  over  10  g/L  yield.  Diol  59  was  then  converted  to  vinyl  epoxide  440  (Scheme  140). 
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Scheme  140.  Formation  of  epoxide  440 

Protection  of  diol  59  as  an  acetonide  gave  diene  98.  which  was  subsequently 
subjected  to  mCPBA-oxidation  to  afford  vinyl  epoxide  440  in  70%  yield  for  two  steps. 

In  the  first  attempts  to  prepare  to  common  precursor,  it  was  envisioned  to 
introduce  the  nitrogen  atom  as  an  azide  (Scheme  141). 
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Scheme  141.  Synthesis  of  aminoalcohol  511 
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Ring-opening  of  vinyl  epoxide  440  was  accomplished  with  sodium  azide  to  afford 
azidoalcohol  510  in  70%  yield.  The  latter  was  then  reduced,  either  under  Staudinger 
conditions  or  with  sodium  borohydride  to  yield  aminoalcohol  511  (60%). 

At  this  stage,  several  problems  were  encountered;  the  isolation  of  polar 
aminoalcohol  511  from  the  by-products  of  the  reduction  step  proved  to  be  very  tedious, 
thereby  diminishing  the  yield  of  isolated  product.  Furthermore,  511  proved  to  be  rather 
unstable,  since  it  was  readily  converted  to  highly  polar  oxidation  products  upon  standing 
at  room  temperature.  It  was,  however,  possible  to  isolate  sufficient  amounts  of  511  to 
study  the  ring-opening  of  vinyl  epoxide  440  (Scheme  142). 
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Scheme  142.  Ring-opening  attempts 

Several  different  conditions  to  accomplish  the  desired  dimer  formation  were 
investigated  (Table  1). 

It  was  found  (entries  1 and  2)  that  BF3  Et20,  which  had  previously  been  reported 
as  a suitable  catalyst  for  the  opening  of  vinyl  epoxides  with  oxygen  nucleophiles,  only  led 
to  decomposition  of  the  starting  materials.  When  aluminum  oxide  was  employed  as  the 
catalyst  (entry  3),  a very  small  amount  of  the  desired  product  was  formed  along  with 
several  by-products. 
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Table  1.  Studies  on  the  vinyl  epoxide  opening 


Entry 

Catalyst 

Mol% 

catalyst 

Equ. 

Epoxide 

Solvent  / 
Temp 

Comments 

1 

BFjEtiO 

10 

1.1 

CH2CI2  / 
r.t. 

Slow  decomp,  of 
starting  materials 

2 

BFjEtiO 

>100 

1.1 

CH2C12  / 
r.t. 

Rapid  decomp,  of 
starting  materials 

3 

A1203 

>100 

2.1 

CHCI3  / 
reflux 

Very  small  amount 
of  product  formed 

4 

Yb(OTf)3 

20 

1.1 

THF/ 

r.t. 

Polymerization  of 
THF 

5 

Yb(OTf)3 

20 

2 

dioxane  / 
r.t. 

No  reaction 

6 

Yb(OTf)3 

>100 

1.1 

dioxane  / 
r.t. 

No  reaction 

7 

Yb(OTf)3 

20 

1.1 

dioxane  / 
reflux 

Desired  product 
formed 

Next,  we  turned  our  attention  to  the  utilization  of  Yb(OTf)3  as  the  Lewis-acid 
catalyst,  since  it  had  been  reported  as  a suitable  catalyst  for  the  ring-opening  of  aziridines 
with  nitrogen  and  oxygen  nucleophiles.  Surprisingly,  it  was  found  that  in  the  reaction  of 
vinyl  epoxide  440  with  Yb(OTf)3  in  THF  (entry  4)  a gelatinous  polymer  was  formed.  This 
had  previously  never  been  reported  for  this  catalyst  / solvent  system.  Since  the 
polymerization  also  took  place  with  catalytic  amounts  of  vinyl  epoxide  440,  it  was 
suspected  that  the  polymer  is  made  up  of  tetrahydrofuran  units  with  the  epoxide  only 
acting  as  a polymerization  initiator.  Because  no  attempt  was  made  to  identify  this 
polymer,  its  real  structure  remains  unclear. 

The  problem  with  the  THF-polymerization  could  be  circumvented  by  using 
dioxane  as  the  solvent.  Under  these  conditions  (entries  5 and  6)  no  product  could  be 
observed  at  room  temperature,  but  when  heating  the  reaction  to  reflux  (entry  7)  the 
desired  dimer  was  obtained  in  40%  yield  (Scheme  143). 
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Scheme  143.  The  first  preparation  of  dimer  512 
At  this  point,  further  emphasis  was  set  on  optimizing  the  synthetic  approach 
towards  dimer  512.  First  of  all,  it  was  decided  to  attempt  the  vinyl  epoxide  opening  with 
ammonia  instead  of  sodium  azide  as  nucleophile  to  avoid  the  tedious  and  low-yielding 
sequence  of  ring-opening  with  azide  and  reduction  to  the  amine.  Second  of  all,  we 
envisioned  performing  the  ring-opening  as  a one-pot  process,  thereby  circumventing  the 
troublesome  isolation  of  aminoalcohol  511. 

Upon  combining  these  two  concepts,  the  synthesis  of  dimer  512  was  possible  in  a 
one-pot  procedure,  yielding  the  desired  compound  in  78%  yield  from  vinyl  epoxide  440 
(Scheme  144). 


Br 


Scheme  144.  One-pot  synthesis  of  dimer  512 
The  last  step  necessary  to  obtain  the  common  precursor  was  removal  of  the 
bromine  atoms  as  depicted  in  Scheme  145. 
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Scheme  145.  Debromination  of  dimer  512 
Dimer  512  was  reacted  with  BusSnH  and  AIBN  in  refluxing  THF  to  give  alkene 
508  (83%),  the  common  precursor  for  all  four  dimers  502  and  505-507. 

Synthesis  of  Amide-linked  Inositol  Dimer  505 

For  the  synthesis  of  amide-linked  inositol  dimer  505  the  first  focus  was  set  on  the 
selective  protection  of  the  alcohols  and  the  secondary  amine. 

On  the  first  attempt  to  protect  the  different  functional  groups  in  dimer  508,  the 
compound  was  subjected  to  standard  acetylation  conditions  (Scheme  146) 


Scheme  146.  Acylation  of  dimer  508  under  standard  conditions 
To  our  surprise,  a 2:3  mixture  of  two  compounds  was  obtained,  which  after 
structure  elucidation  turned  out  to  be  di-O-protected  species  513  and  the  complete 
protected  compound  514.  Since  it  is  well  known  that  the  nucleophilicity  of  nitrogen 
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surpasses  that  of  oxygen,  we  had  initially  speculated  that  some  product  only  protected  on 
nitrogen  should  form.  However,  such  a compound  was  never  detected,  which  led  to  the 
conclusion  that  the  dicyclohexylamine  system  present  in  dimer  508  is  too  sterically 
hindered  to  allow  the  attachment  of  any  electrophile  on  the  linking  nitrogen  atom 
preferentially.  When  the  reaction  conditions  were  made  harsher,  it  was  possible  to  isolate 
the  triacylated  species  as  the  sole  product  (Scheme  147). 


Scheme  147.  Synthesis  of  dimer  514 

To  accomplish  this,  the  solvent  was  changed  to  dioxane  and  the  reaction  heated  to 
reflux  for  several  hours  to  afford  the  desired  dimer  514  in  88%  yield. 

In  the  next  step  the  two  missing  ds-diols  moieties  were  installed  by 
dihydroxylation  (Scheme  148).  This  was  accomplished  using  the  catalytic  0s04 
procedure,  employing  N-methylmorpholine-yV-oxide  as  the  co-oxidant.  The  resulting 
tetrol  515  was  immediately  protected  as  its  diacetonide  to  allow  for  easier  isolation  and 
purification.  This  process  afforded  the  fully  protected  species  516  in  60%  yield  for  two 


steps. 
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Scheme  148.  Synthesis  of  the  fully  hydroxylated  species  516 
Removal  of  the  protecting  groups  was  accomplished  in  two  steps  without  isolating 
the  intermediate  product  (Scheme  149). 


Scheme  149.  Deprotection  to  give  dimer  505 
Compound  516  was  first  treated  with  sodium  methoxide  in  methanol  to  give  diol 
517,  which  was  subjected  to  hydrolysis  under  acidic  conditions  (HC1,  MeOH)  to  afford 
the  amide-linked  inositol  dimer  505  in  57%  yield  over  two  steps. 

Synthesis  of  the  Amine-linked  Inositol  Dimer  502 

In  our  first  efforts  towards  the  synthesis  of  the  amine-linked  inositol  dimer  502  we 
tried  to  remove  the  acetamide  in  compound  516  (Scheme  150)  to  achieve  the  synthesis  of 
502  by  the  same  approach  used  for  dimer  505. 
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Scheme  1 50.  Studies  towards  the  acetamide  removal 
The  results  are  summarized  in  Table  2. 


Table  2.  Studies  on  the  acetamide  deprotection 


Conditions 

Result 

1MHC1,  A 

Complex  product  mixture,  acetamide  still 
detectable  by  IR  / NMR 

CH2CL,  pyridine,  Tf20,  then  MeOH 

Complex  product  mixture  and 
decomposition  of  starting  material 

25%  KOH,  A 

Decomposition  of  starting  material 

h2nnh2  H20,  A 

Complex  product  mixture,  acetamide  still 
detectable  by  IR  / NMR 

Unfortunately,  all  conditions  failed  to  produce  the  desired  unprotected  amine,  forcing  us 
to  change  the  synthetic  strategy.  Since  we  had  learned  from  the  synthesis  of  the 
acetamide-linked  inositol  dimer  (vide  supra ) that  the  nitrogen  atom  linking  the  two 
inositol  units  is  sterically  very  hindered,  new  acylation  conditions  were  employed  to 
selectively  protect  the  alcohols  only  (Scheme  151). 

Lowering  the  reaction  temperature  and  using  only  a slight  excess  of  acetic  anhydride 
proved  to  be  enough  to  achieve  selective  protection  of  the  two  hydroxyl  groups  to  afford 
amine  513  in  89%  yield. 
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Scheme  151.  Selective  protection  of  the  alcohols 
At  this  point,  we  investigated  different  protecting  groups  to  prevent  the  nitrogen 
from  getting  oxidized  during  the  osmylation  reaction.  All  attempts  to  convert  the  amine 
into  a benzyl-  or  r-butyl  carbamate  failed,  presumably  because  of  the  steric  demand  of 
these  rather  bulky  protecting  groups.  Therefore  we  opted  for  a trifluoroacetamide  as  the 
protecting  group,  not  only  because  of  its  small  size,  but  also  because  it  had  been  reported 
in  the  literature  that  this  particular  amid  is  easily  cleavable  under  mildly  basic 
conditions.256 

As  it  was  the  case  earlier,  it  was  found  that  rather  vigorous  reaction  conditions 
had  to  be  employed  to  achieve  reasonable  conversion  to  the  desired  product  (Scheme 
152).  Because  of  the  low  boiling  point  of  trifluoroacetic  anhydride,  it  was  decided  to  run 
the  reaction  in  a sealed  tube.  Under  these  conditions  desired  triflororacetamide  518  could 
be  isolated  in  88%  yield. 


(CF  3C0)20 
pyridine 
DMAP  (cat) 

sealed  tube 
100°C 


Scheme  152.  Formation  of  trifluoroacetamide  518 
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Protected  species  518  was  then  subjected  to  the  OsCVcatalyzed  dihydroxylation 
reaction  (Scheme  153). 


Scheme  153.  Osmylation  of  dimer  518 


The  resulting  tetrol  519  was  not  isolated  but  immediately  converted  to  its 
diacetonide  520  (53%  for  two  steps)  to  allow  for  an  easier  purification. 

The  deprotection  of  the  fully  oxygenated  species  520  could  be  achieved  by 
treatment  with  sodium  methoxide  in  methanol.  This  not  only  removed  the  two  esters  but 
also  cleaved  the  acetamide  to  furnish  intermediate  product  521  (Scheme  154). 


Scheme  154.  Deprotection  to  give  dimer  502 


The  latter  was  then  subjected  to  HC1  in  MeOH  to  affect  hydrolysis  of  the 
acetonides  and  provide  the  target  molecule  502  in  75%  yield  for  two  steps  as  its 
hydrochloride  salt. 
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Synthesis  of  Amine-linked  Conduritol  Dimer  506 

The  synthesis  of  this  particular  compound  involved  just  one  step,  the  deprotection 
of  the  common  precursor  508  (Scheme  155). 


Scheme  155.  Synthesis  of  506 

Treatment  of  508  with  HC1  in  MeOH  afforded  the  conduritol  dimer  506  in  84% 

yield. 

Synthesis  of  Acetamide-linked  Conduritol  Dimer  507 


Dimer  508  was  acylated  as  described  before  to  furnish  acetamide  514.  The  latter 
was  then  subjected  to  NaOMe  in  MeOH  to  achieve  cleavage  of  the  esters  to  give  diol  521 
(Scheme  156). 


Scheme  156.  Synthesis  of  dimer  507 
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When  it  was  attempted  to  remove  the  acetonides  under  the  conditions  that  had 
worked  for  all  other  compounds  (HC1,  MeOH),  a mixture  of  several  compounds  was 
obtained,  the  components  of  which  were  not  characterized.  When  using  a different  acid 
(TFA)  to  catalyze  the  acetal  hydrolysis,  the  reaction  proceeded  smoothly,  giving  dimer 
507  in  85%  yield  for  two  steps. 


Synthesis  of  Diaminodimer  503 


This  part  was  done  by  Mr.  Theodore  Martinot  and  will  only  be  presented  here 
very  briefly  to  give  an  overview  of  the  scope  of  this  project  (Scheme  157). 
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Scheme  157.  Synthesis  of  diaminoinositol  dimer  503 
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Diol  59  was  converted  to  vinyl  aziridine  522  according  to  a known  procedure.257 
Ring-opening  of  522  was  achieved  with  ammonia  under  Yb(OTf)3  catalysis,  followed  by 
treatment  of  the  intermediate  amine  with  one  equivalent  of  vinyl  epoxide  440  to  afford 
dimer  523  in  94%  yield.  Conversion  of  the  alcohol  to  its  acetate  afforded  amine  524 
(93%),  which  was  subsequently  converted  to  trifluoroacetamide  525.  Removal  of  the 
halogens  under  radical  conditions  (AIBN,  Bu3SnH)  gave  alkene  526  in  73%  yield. 
Osmylation  of  the  double  bonds  followed  by  protection  of  the  resulting  diols  as 
acetonides  provided  the  fully  hydroxylated  species  527  in  61%  yield.  Hydrolysis  of  the 
acetate  and  the  trifluoroacetamide  under  basic  conditions  (57%),  removal  of  the 
sulfonamide  with  Na  in  liquid  ammonia  (84%)  and  acidic  hydrolysis  of  the  acetonides 
gave  dimer  503  as  its  hydrochloride  salt  in  77%  yield. 

Synthesis  of  CMinked  Dimer  504 

This  part  was  performed  by  Mr.  Jerremey  Willis  and  will  only  be  discussed 
briefly.  The  synthesis  of  dimer  504  is  shown  in  Scheme  158.  Vinyl  epoxide  440  was 
converted  to  diol  528  by  ring  opening  with  KOH  in  DMSO  in  63%  yield.  Reaction  of  528 
with  aziridine  522  under  Lewis-acid  catalysis  afforded  two  isomeric  alcohols  529  (52%) 
and  530  (18%).  Removal  of  the  halogens  under  radical  conditions  afforded  531  (92%) 
and  532  (86%).  After  hydroxylation  of  the  double  bonds  and  protection  of  the  resulting 
diols  as  acetonides,  both  isomers  converged  into  a single  compound  533  (65%). 
Deprotection  of  the  amine  with  Na  in  liquid  ammonia  followed  by  hydrolysis  of  the 
acetals  under  acidic  conditions  provided  dimer  504  in  52%  yield. 
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529  R = Br 
531  R = H 


AIBN 

Bu3SnH 


530  R = Br 
532  R = H 


AIBN 

Bu3SnH 


Scheme  158.  Synthesis  of  dimer  504 

Synthesis  of  an  0-linked  Dimer 


In  order  to  compare  the  structural  features  of  different  inositol  dimers,  it  was 


decided  to  also  prepare  a dimer  without  any  nitrogen  atoms.  Since  the  data  for  the 
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envisioned  L-c/i/ro-inositol  dimer  has  not  been  published  and  not  even  small  quantities 
were  available,  it  was  decided  to  prepare  this  molecule  again.  The  basic  approach  of  vinyl 
epoxide  opening  with  alcohols  had  already  been  published,  hence  it  was  decided  to 
refrain  from  full  characterization  of  all  intermediates  and  only  gather  a complete  set  of 
experimental  data  for  the  final  compound.  Since  there  was  a large  quantity  of  triol  534 
available,  it  was  decided  to  use  this  compound  as  a starting  material  for  the  preparation 
(Scheme  159).  Protection  of  the  vicinal  diol  in  534  as  an  acetonide,  followed  by  Lewis- 
acid  catalyzed  vinyl  epoxide  opening  of  440  afforded  dimer  535,  which  was  reduced  to 
alkene  536  (overall  yield:  67%).  Dihydroxylation  of  536  provided  triol  537  in  56%  yield. 
The  benzyl  group  could  be  removed  by  hydrogenolysis  (97%)  followed  by  cleavage  of  the 
acetals  under  acidic  conditions  to  give  the  target  molecule  538  in  99%  yield. 


Scheme  159.  Synthesis  of  O-linked  Dimer  538 
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Molecular  Structure  and  Calcium  Binding 

To  gain  further  insight  into  the  three-dimensional  structure  of  these  dimers  a 
series  of  molecular  modeling  studies  was  conducted.  All  results  depicted  in  the  following 
pages  show  gas  phase  structures  which  where  calculated  by  first  using  Monte-Carlo 
simulation  to  find  the  minimum  energy  conformations,  which  were  then  further  optimized 
by  semi-empirical  (AMI)  methods.258 


OH  OH 


Figure  23.  The  calculated  structures  of  dimers  502  and  505 


The  models  suggest,  that  the  two  inositol  rings  present  in  the  dimers 
arrange  themselves  at  an  angle  of  approximately  ninety  degrees,  thereby  avoiding 
the  steric  interaction  between  the  a-substituents.  Both  molecules  also  clearly 
possess  and  endo-  and  an  exo-side,  an  effect  that  is  more  distinct  in  the  acetamide- 
linked  dimer  505,  mainly  due  to  the  larger  steric  demand  of  the  amide  group. 
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Figure  24.  Molecular  structure  of  dimers  503  and  504 
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The  two  conduritol  dimers  possess  the  same  tilt  between  the  two  six-membered 
rings  as  observed  for  the  inositol  analogs.  Furthermore,  the  molecular  model  suggests  that 
the  dimers  favor  a conformation  in  which  they  exhibit  a hydrophilic  and  a lipophilic  side. 
The  cup-shape  is  again  more  distinct  in  the  case  of  the  acetamide-linked  dimer. 

The  calculated  structures  of  the  diamino  analogue  503  and  the  0-1  inked  dimer  504 
also  suggest  a twist  between  the  two  inositol  units. 

To  further  study  the  tertiary  arrangement  if  higher  oligomers,  we  also  calculated 
the  structures  of  di-,  tetra-  and  octamers  of  L-chiro-  and  neo-inositol. 
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Figure  26.  Molecular  modeling  of  inositol  oligomers 
The  results  indicate  a drastic  difference  in  the  tertiary  structure  of  the  higher 
oligomers.  Whereas  the  L-c/nro-inositol  oligomers  tend  to  form  helixes,  the  neo-inositol 
analogs  are  prone  to  the  formation  of  loops. 
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Clearly,  it  should  be  possible  to  exploit  these  structural  characteristics  for  the 
synthesis  of  a chiral  environment  for  carbon-carbon  bond  formation. 

The  calcium  binding  of  TV-linked  dimer  502  ( L-chiro-2 ) was  evaluated  by  means 
of  NMR,  since  all  attempts  to  grow  crystals  of  a calcium-complex  of  502  failed. 

The  results  are  shown  in  Table  3. 


Table  3.  Calcium  binding  of  502 


Entry 

Moles  Ca / 
inositol 
unit 

H at  4.06 
AHz 

H at  4.02 
AHz 

H at  3.95 
AHz 

H at  3.82 
AHz 

H at  3.78 
AHz 

Hat  3.71 
AHz 

1 

0.09 

-8.1 

-8.2 

-8.4 

-8.1 

-8.3 

-8.3 

2 

0.15 

-8.7 

-11.8 

-9.1 

-8.8 

-8.9 

-9 

3 

0.28 

-7.5 

-7.5 

-8 

-7.6 

-7.8 

-7.9 

4 

0.35 

-8 

-8 

-8.6 

-8.2 

-8.2 

-8.5 

5 

0.54 

-7 

-6.9 

-7.9 

-7.1 

-7.4 

-7.8 

6 

0.67 

-6.6 

-6.4 

-7.6 

-6.7 

-7.1 

-7.7 

7 

0.89 

-6.1 

-5.9 

-7.4 

-5.8 

-6.7 

-7.4 

8 

1.01 

-5.9 

-5.6 

-7.3 

-6.1 

-6.6 

-7.3 

9 

1.46 

-5.6 

-5.1 

-7.5 

-5.8 

-6.4 

-7.5 

10 

2.31 

-2.8 

-1.9 

-5.4 

-2.8 

-4 

-5.4 

11 

2.99 

-1.8 

-0.05 

-5 

-1.6 

-3.1 

-5.1 

12 

5.45 

3.3 

5.4 

-1.7 

3.5 

1.5 

-1.8 

When  plotting  the  variation  of  the  chemical  shift  versus  the  time  an  almost  linear 
relationship  was  obtained  and  not  a sigmoid  curve  as  one  would  expect  if  calcium  binding 
had  occurred  (Figure  27). 

One  can  conclude  from  these  results  that  dimer  502  possesses  a calcium  binding 
that  is  not  significantly  higher  than  that  of  normal  secondary  alcohols. 


....  ij  . 
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Figure  27.  Calcium  binding  of  dimer  502 
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Glycosidase  Inhibition 
Introduction 

The  structural  features  present  in  the  inositol  dimers  described  in  the  previous 
chapter  prompted  us  to  investigate  their  potential  as  glycosidase  inhibitors.  All  inositol 
dimers  possess  an  extended  series  of  hydroxyl  groups,  which  resemble  the  three- 
dimensional  features  found  in  the  natural  sugars  very  closely.  Since  all  inositol  dimers 
lack  the  glycosidic  bond,  they  cannot  be  processed  by  a hydrolytic  enzyme. 

To  evaluate  their  potential  as  glycosidase  inhibitors,  all  compounds  were  screened 
against  different  hydrolases,  and  the  “standard”  assay  described  by  the  Molyneux  lab  was 
used.259 

After  running  more  than  a dozen  preliminary  tests,  it  became  clear  that  the 
standard  assay  was  troublesome  for  a variety  of  reasons.  First  of  all,  it  was  found  that  it 
was  necessary  to  use  a large  number  of  individual  samples  in  a particular  run  to  obtain 
reliable  inhibition  curves.  Not  only  was  this  very  time-consuming  but  also  required  large 
amounts  of  inhibitor,  since  we  did  not  have  access  to  micro-well  equipment.  Another 
problem  we  experienced  was  the  reproducibility  of  this  method.  When  testing  the  same 
inhibitor  against  the  same  enzyme  more  than  one  time,  contradicting  results  were 
obtained  that  led  to  the  conclusion  that  one  has  to  evaluate  the  results  of  these  tests  very 
carefully.  This  meant  running  every  screening  several  times  to  ensure  the  validity  of  the 
results,  a fact  that  further  reduced  the  feasibility  of  this  method. 
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Development  of  a Modified  Glycosidase  Inhibition  Assay 

To  circumvent  the  aforementioned  problems,  we  considered  modifying  the 
inhibition  assay  to  allow  for  a rapid  and  reproducible  method  for  the  screening  of  organic 
compounds  as  glycosidase  inhibitors. 

It  also  became  possible  for  us  to  use  a more  sophisticated  spectrometer  having  a 
computer  with  a kinetics  software  package  attached  to  it.  This  enabled  us  to  switch  from 
measuring  the  final  absorption  of  the  individual  samples  to  determining  how  the  reaction 
proceeds  versus  time.  If  the  rate  of  the  reaction  at  different  inhibitor  concentrations  is 
measured,  it  should  be  possible  to  determined  IC50  values  from  that  data.  This  obviously 
meant  running  the  experiments  without  a basic  quench  to  convert  all  the  p-nitrophenol  to 
its  anion.  It  was  rationalized,  that  if  the  pH-value  is  kept  high  enough,  there  should  be 
sufficient  amounts  of  the  p-nitrophenol  anion  present  to  be  detected  at  400  nm.  Since  the 
pH-value  is  the  same  in  all  samples  of  an  individual  run,  the  concentration  of  p- 
nitrophenol  vs.  p-nitrophenoiate  has  to  be  the  same  in  all  vessels.  Therefore,  it  is  not 
necessary  to  know  what  percentage  of  p-nitrophenol  is  converted  to  its  anion,  although  it 
can  obviously  be  easily  calculated  for  a certain  pH. 

All  these  facts  lead  to  an  assay  as  follows  (a  more  detailed  procedure  can  be  found 
in  the  experimental  section  of  this  manuscript): 

The  inhibitor  to  be  tested  is  dissolved  in  a buffer-solution  with  a pH-value  at,  or  close  to 
the  optimum  pH  for  the  corresponding  enzyme.  Several  samples  (usually  six)  are 
prepared  with  inhibitor  concentrations  from  0 to  2000  pM.  To  these  solutions  is  then 
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added  the  enzyme  (dissolved  in  buffer),  except  for  one  vial,  which  is  run  without  enzyme 
to  correct  for  autohydrolysis  of  the  p-nitrophenyl  glycosides.  These  mixtures  are  then  pre- 
incubated at  constant  temperature  (usually  37°C)  for  30  minutes  to  allow  for  the  detection 
of  slow-binding  inhibitors.  The  reactions  are  then  started  by  addition  of  the  corresponding 
/7-nitrophenyl  glycoside  and  the  absorption  at  400  nm  is  measured  every  twenty  seconds 
for  every  sample  for  a total  time  period  of  20  minutes.  Figure  28  shows  typical  results  for 
a non-active  compound  (left)  and  an  active  one  (right). 


Figure  28.  Typical  inhibition  results 

It  is  clearly  visible,  that  in  the  case  of  no  inhibition  (left)  the  slope  of  the  lines  and 
therefore  the  release  /?-nitrophenol  does  not  differ  with  increasing  inhibitor  concentration, 
whereas  in  the  presence  of  a more  potent  inhibitor  the  slope  decreases  with  increasing 
inhibitor  concentration. 

The  slopes  of  these  lines  are  then  plotted  versus  the  inhibitor  concentrations  of  the 
corresponding  samples  to  obtain  inhibition  curves  as  shown  in  Figure  29.  If  one  then 
determines  (either  graphically  or  by  mathematical  means)  the  concentration  at  which  50% 
of  the  initial  absorption  is  still  present,  the  so-called  IC50  value  is  obtained. 
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Figure  29.  A typical  inhibition  curve 

Results 

Before  testing  the  individual  dimers,  we  wanted  to  ensure  that  the  newly 
developed  assay  provides  accurate  results.  For  this  reason,  we  performed  a test  run  using 
the  known  inhibitor  1, 4-diamino- 1,4-dideoxy-D-mannitol  (486)  to  compare  the  results  to 
the  literature  values.  The  results  are  depicted  in  Figure  30. 

a-Mannosidase  Inhibition  by 
1,4-dideoxy-1,4-imino-D-mannitol  (DIM) 
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Figure  30.  Inhibition  of  a-mannosidase  by  DIM 
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At  a substrate  concentration  of  2.5  mM  and  a pH  value  of  6.0,  an  IC50  of  0.35 
was  obtained.  This  was  in  good  agreement  with  the  literature  value260  of  0.5  |iM,  which 
was  recorded  at  [S]  = 0.33  mM  and  a pH  of  4.5. 

Having  ensured  that  the  assay  was  providing  accurate  results,  our  focus  was  set  on 
investigating  the  inhibition  potential  of  the  individual  dimers.  To  ensure  clarity 
throughout  this  chapter  the  following  abbreviations  were  used. 

?H  9h  OH  OH 


502 

(NH-I-D) 


503  504 

(DA-I-D)  (O-l-D) 


(NAc-l-D) 


Figure  30.  Structures  and  abbreviations 

The  results  of  these  inhibition  studies  are  summarized  in  Tables  7-12  (Appendix) 
and  are  represented  in  graphical  form  in  Figures  32-37  for  the  individual  compounds.  The 
graphical  representation  immediately  shows  that  compound  505  turned  out  to  be  a decent 
inhibitor  of  a-glucosidase  with  an  IC50  of  approximately  370  |liM  and  a weak  inhibitor  of 
[3-galactosidase  (IC50  - ImM). 
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Figure  3 1 . Inhibition  results  of  dimer  505 
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Figure  32.  Inhibition  by  dimer  502 

The  amine-linked  inositol  dimer  502  proved  to  be  a weak  inhibitor  of  (3- 
galactosidase  with  an  IC50  of  approx.  750  |iM. 
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NAc-Conduritol-Dimer 
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Figure  33.  Inhibition  of  conduritol  dimer  507 
The  strongest  inhibition  of  all  tested  compound  was  found  in  the  case  of 


acetamide-linked  dimer  507.  This  compound  showed  an  IC50  value  of  ~100|iM  against  0- 


galactosidase  and  a weak  side-activity  against  a-glucosidase  (IC50  ~ 1.35  mM). 


NH-Conduritol-Dimer  506 


Figure  34.  Inhibition  by  dimer  506 
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This  particular  compound  proved  to  be  a moderate  inhibitor  of  P-galactosidase 
(IC50  ~ 620  |iM)  and  a weak  inhibitor  of  a-glucosidase  (IC50  ~ 1.4  mM). 
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Figure  35.  Inhibition  by  dimer  503 

This  compound  showed  no  detectable  inhibition  against  all  six  enzymes  tested. 

O-Linked  Aminoinositol  Dimer 
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Figure  36.  Inhibition  by  0-linked  dimer  504 
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The  oxygen-linked  amino-inositol  dimer  504  (Figure  37)  proved  to  be  a weak 
inhibitor  of  both,  p-galactosidase  (IC50  ~ 1.1  mM)  and  a-glucosidase  (IC50  - 1 .7  mM), 


Table  4.  Inhibition  summary 


NAc-I-D 

(505) 

fuMl 

NAc-C-D 

(507) 

luMI 

NH-I-D 

(502) 

IUM] 

p-galactosidase 

980 

100 

750 

P-glucosidase 

n.I. 

n.I. 

n.I. 

a-mannosidase 

n.I. 

n.I. 

n.I. 

a-glucosidase 

370 

1350 

n.I. 

a-galactosidase 

n.I. 

n.I. 

n.I. 

p-mannosidase 

n.I. 

n.I. 

n.I. 

NH-C-D 

(506) 

[UMI 

O-I-D 

(504) 

luMI 

DA-I-D 

(503) 

fuMl 

620 

1120 

n.I. 

n.I. 

n.I. 

n.I. 

n.I. 

n.I. 

n.I. 

1400 

1750 

n.I. 

n.I. 

n.I. 

n.I. 

n.I. 

n.I. 

n.I. 

J n I-  - less  than  50%  inhibition  at  an  inhibitor  cone,  of  2000 

All  compounds  (except  for  the  diamino  inositol  dimer  503)  showed  moderate  to 
strong  inhibition  of  P-galactosidase  and  most  of  them  also  inhibited  a-glucosidase, 
although  generally  to  a lesser  extend  (Table  4).  This  is  more  clearly  represented  in  Figure 
38,  where  the  height  of  the  bars  equals  the  inhibition  “power”  (1/IC50)  of  the 
corresponding  compound.  It  is  interesting  to  see  that  almost  all  of  the  compounds 
prepared  for  this  study  were  active  against  p-galactosidase.  The  reason  for  this  remains 
unclear  since  the  hydroxylation  pattern  of  the  inositol  dimers  does  not  match  the  one  of  p- 
galactosides  or  the  galactosyl  cation.  The  only  compound  that  showed  a reasonably  low 
IC50  was  acetamide-linked  dimer  507,  but  again  the  stereochemical  arrangement  of  the 
hydroxyl  groups  present  in  this  molecule  does  not  match  that  of  D-galactose.  This  leads  to 
the  speculation  that  hydroxyl  groups  from  both  inositol  units  might  participate  in  the 
binding  to  the  active  site  of  the  corresponding  enzyme.  It  also  seems  possible  that  the 
oxygen  ot  the  acetamide  might  inherit  the  hydrogen-bond  acceptor  function  of  the 
primary  alcohol  present  in  the  natural  sugars. 


Inhibition  comparison 
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Figure  37.  Results  of  the  inhibition  studies 
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Diaminoinositols 


Introduction 


The  origin  of  this  project  lies  in  a failed  attempt  to  achieve  ring  opening  of  vinyl 
aziridine  522  with  sodium  c>anide.  When  this  reaction  was  performed  for  the  first  time, 
an  older  batch  of  522  was  used  and  treated  with  an  excess  of  NaCN  in  DMSO.  To  our 
surprise,  the  conversion  was  very  low  and  the  only  product  that  could  be  isolated  - other 
than  starting  material  - turned  out  to  be  disulfonamide  539  (Scheme  160). 


Scheme  160.  Ring  opening  of  522 

Although  the  origin  of  the  second  sulfonamide  was  unclear  at  the  beginning,  it 
became  obvious,  that  the  starting  material  (522)  was  contaminated  with  a small  amount 
(<5%)  of  p-toluenesulfonamide  (540),  stemming  from  its  preparation  with  Yamamoto’s 
reagent  (Scheme  161).  The  sulfonamide  then  reacted  with  the  aziridine,  catalyzed  by 
cyanide. 


Br 


p-TsNH2 

(trace) 

540 


Br 


Scheme  161.  Explanation  for  the  observed  product 
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This  was  a very  surprising  result,  since  it  is  commonly  believed  that  the 
nucleophilicity  of  cyanide  anion  surpasses  that  of  a sulfonamide  by  magnitudes.  At  this 
point,  it  was  decided  to  further  investigate  this  interesting  transformation. 

Investigations  of  the  Key  Step 


Since  the  use  of  cyanide  anion  as  reaction  catalyst  seemed  unfeasible,  especially 
tor  large-scale  preparations  due  to  its  high  toxicity,  we  were  looking  for  alternatives  to 
achieve  the  same  transformation. 

As  a possible  substitute,  fluoride  ion  was  envisioned.  Furthermore,  it  was  decided 
to  use  tetrabutylammonium  fluoride  (TBAF)  as  the  fluoride  source,  mainly  because  of  its 
good  solubility  in  organic  solvents  and  availability. 


When  vinyl  aziridine  522  was  reacted  with  one  equivalent  of  p-TsNH2  and  two 
equivalents  of  TBAF,  the  desired  transformation  occurred  in  a matter  of  minutes  and 


disulfonamide  539  could  be  isolated  in  95%  yield  (Scheme  162). 


p-TsNH2 

540 


Br 


Scheme  162.  Optimized  ring-opening  of  522 
Further  studies  showed,  that  the  transformation  does  not  require  stoichiometric 
amounts  of  TBAF,  however,  if  less  than  0.5  equivalents  were  used,  a second  product 
(541)  appeared,  which  is  believed  to  be  the  product  of  the  opening  with  water  (Scheme 
163). 
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TBAF 

p-TsNH2  
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540 


Br 


Br 


Scheme  163.  Ring-opening  with  substoechiometric  amounts  of  TBAF 
The  water  in  this  case  comes  from  the  commercially  available  solution  of  TBAF 


in  THF  which  was  used;  it  always  contains  about  5%  HiO.  In  the  absence  of  TBAF,  the 
reaction  progressed  very  sluggishly  and  produced  541  as  the  main  product. 


Proof  of  Trans  Stereochemistry 


Although  the  coupling  constants  in  disulfonamide  539  suggested  a trans- 
relationship  of  the  two  sulfonamide  groups,  it  was  desirable  to  prove  the  stereochemistry 
by  other  means  as  well.  For  this  purpose,  amine  542  (which  was  prepared  by  Theodore 
Martinot  by  opening  of  vinyl  aziridine  522  with  ammonia)  was  tosylated  under  standard 
conditions  to  give  the  ditosylated  species  539  (Scheme  164). 


Br 
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NH3  (I) 
Yb(OTf)3 


Br 
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Ts  522 


p-TsNH2 
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TsCI 

pyr. 

Br 


539 


Scheme  1 64.  Proof  of  trans-stereochemistry 
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The  'H  NMR  spectrum  of  this  compound  proved  to  be  identical  to  the  spectrum  of 
the  compound  obtained  by  opening  of  vinyl  aziridine  522  with  p-TsNH2. 

Synthesis  of  3,4-Diamino-3,4-dideoxy-L-c/«ro-inositol 


Because  of  the  known  interest  in  streptamine  analogs  (see  historical  part  of  this 
manuscript)  and  also  to  test  this  new  methodology  in  a synthetic  approach,  it  was  decided 
to  employ  the  base-catalyzed  ring-opening  of  vinyl  aziridines  with  sulfonamides  in  a 
synthesis  of  3,4-diamino-3,4-dideoxy-L-c/itro-inositol  (545). 


The  synthetic  approach  is  depicted  in  Scheme  165. 


1.  DMP,  H+ 

2.  PhlNTs 
Cu(acac)2 


539  R = Br 
543  R = H 


AIBN 

Bu3SnH 


OH 


1.  Na,  NH3  (I) 

2.  HCI,  MeOH 


Scheme  165.  The  synthesis  of  3,4-diamino-3,4-dideoxy-L-c/ii'ro-inositol 
Diol  59  was  converted  to  vinyl  aziridine  522  according  to  a previously  developed 
procedure.*  7 Ring-opening  of  522  was  performed  as  described  above  using  TBAF  as 
catalyst,  providing  ditosylate  539  in  95%  yield.  Reduction  of  the  bromine  under  radical 
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conditions  afforded  alkene  543  (90%),  which  was  subsequently  dihydroxylated  and  the 
resulting  diol  protected  as  an  acetonide  to  give  544  in  75%  yield  over  two  steps.  The 
sulfonamides  could  be  removed  with  sodium  in  liquid  ammonia,  followed  by  hydrolysis 

of  the  acetonides  with  HC1  in  MeOH  to  give  the  title  compound  as  its  dihydrochloride  in 
47%  yield  (two  steps). 


Synthesis  of  a Novel  Salen  Catalyst 


After  having  completed  the  synthesis  of  3,4-diamino-3,4-dideoxy-L-c/z/ro-inositol, 
we  wanted  to  investigate  its  potential  as  the  chiral  backbone  in  new  salen-type  catalysts. 

The  synthesis  ot  the  unprotected  ligand  could  be  accomplished  by  modifying  a 
known261  procedure  (Scheme  166). 


Scheme  166.  Synthesis  of  ligand  547 

Hydrochloride  545  was  reacted  with  aldehyde  546  under  basic  catalysis  to  afford 
imine  547  in  80%  yield. 

The  latter  could  then  be  converted  to  complex  548  (Scheme  167)  by  a procedure 
analogous  to  that  of  Jacobsen  et  al262 
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Scheme  167.  Synthesis  of  catalyst  548 

Treatment  of  547  with  manganese(II)  acetate,  followed  by  air  oxidation  and 
quench  with  brine  afforded  complex  548  in  33%  yield.  The  low  yield  can  be  ascribed  to 
the  difficulties  in  obtaining  this  compound  in  pure  form  by  (re)crystallization,  since  it  is 
considerably  less  prone  to  crystal  formation  than  Jacobsen’s  catalyst. 

To  investigate  the  effect  of  the  free  hydroxyl  groups  on  the  efficiency  of  548  as  a 
catalyst  we  also  envisioned  the  preparation  of  a protected  analogue.  Therefore,  the  free 
alcohols  in  547  were  protected  as  acetonides  to  furnish  ligand  549  (Scheme  168). 


Scheme  168.  Protection  of  ligand  547 

The  protected  species  549  was  then  reacted  under  conditions  analogous  to  those 
described  earlier  to  give  protected  salen  complex  550  (Scheme  169). 
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Scheme  169.  Synthesis  of  salen  complex  550 

Unfortunately,  compound  550  was  contaminated  by  an  inorganic  material,  from 
which  proved  to  be  very  hard  to  separate.  In  the  following  chapter,  this  molecule  will 
therefore  be  referred  to  as  either  550a  (containing  12%  carbon  by  combustion  analysis)  or 
;>50b  (44%  carbon).  Since  the  theoretical  value  for  the  carbon  content  of  550  is  64%,  one 
can  estimate  the  purity  of  550b  to  be  approximately  70%. 

Evaluation  of  a New  Salen  Catalyst  in  Asymmetric  Synthesis 

With  a sufficient  amount  of  complex  548  in  hand,  we  started  to  investigate  its 
potential  in  asymmetric  synthesis.  For  this  purpose,  it  was  envisioned  to  compare  its 
reactivity  in  the  epoxidation  of  styrene. 

This  reaction  is  of  great  interest  for  the  chemical  industry  with  styrene  being  one 
ot  the  most  important  prochiral  olefins.  This  system  has  been  extensively  studied  with 
Jacobsen  s catalyst  and  it  has  been  found  that,  as  is  the  case  for  many  monosubstituted 
olefins,  only  moderate  ee’s  are  obtained.263  Furthermore,  both  enantiomers  of  styrene 
epoxide  are  commercially  available,  a fact  that  facilitates  the  GC-analysis  of  these 
epoxidation  reactions. 


169 


Although  we  had  initially  hoped  that  this  new  catalyst  would  have  a greater  water- 
solubility  than  Jacobsen’s  original  catalyst,  it  was  found  that  this  is  not  the  case  and 
complex  548  is  completely  insoluble  in  water,  despite  its  four  hydroxyl  groups. 

The  mCPBA  epoxidation  of  styrene  was  performed  using  NMNO  as  an  additive, 
since  this  has  been  found  to  be  crucial  to  achieve  high  enantioselectivities.  Although  the 
uncatalyzed  reaction  between  styrene  and  raCPBA  proceeds  within  hours  at  room 
temperature  to  produce  styrene  oxide,  this  pathway  gets  shut  down  completely  in  the 
presence  of  an  additive.  In  CFFCl?,  a 1:1  salt  is  generated  between  mCPBA  and  NMNO, 
which  is  unreactive  towards  styrene,  but  appears  to  oxidize  the  (salen)Mn  catalyst.263 

To  make  sure  that  the  GC-analysis  was  correct,  the  epoxidation  reactions  were 
also  performed  with  Jacobsen’s  catalyst  and  the  obtained  values  compared  to  the 
literature  ones.  The  reactions  were  carried  out  using  NMNO  and  mCPBA  in  methylene 
chloride  in  the  presence  of  either  Jacobsen’s  catalyst  (501),  the  hydroxylated  analogue 
548  or  the  protected  species  550b.  (For  a more  detailed  description  see  the  experimental 
part  of  this  manuscript.) 

The  result  obtained  with  Jacobsen’s  catalyst  at  0°C  (entry  1)  was  close  to  the 
literature  value  and  we  also  found  the  increased  selectivity  at  lower  temperature  (entry  3), 
as  had  been  described  previously.263  The  hydroxylated  analogue  548  (entry  2)  gave  an 
opposite  selectivity  to  that  of  501,  however,  the  enantiomeric  excess  was  considerably 
lower.  The  same  preference  for  the  /?-isomer  was  also  observed  with  the  protected 
version  550. 


The  results  are  summarized  in  Table  5. 
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Table  5.  Epoxidation  studies 


Entry 

Temp. 

Catalyst 

7?-isomer 

5-isomer 

ee 

Lit. 

1 

0°C 

501 

69.4% 

30.6% 

38.8% 

46% 

2 

0°C 

548 

43.3% 

56.7% 

13.4% 

- 

3 

-78°C 

501 

77.7% 

22.3% 

55.4% 

59% 

4 

-78°C 

548 

41.9% 

58.1% 

16.2% 

- 

5 

-78°C 

550a 

40.4% 

59.6% 

19.2% 

- 

6 

-78°C 

550b 

36.6% 

63.4% 

26.8% 

- 

7 

-90°C 

501 

79.6% 

20.4% 

59.2% 

63%a 

a ...  calculated 


The  ee  for  550a  and  550b  (entries  5 and  6)  was  slightly  higher  than  that  observed 
for  548,  but  still  considerably  lower  than  that  obtained  with  Jacobsen’s  catalyst  (501). 
Furthermore,  only  a slight  increase  in  the  ee  was  detected  when  lowering  the  temperature 
to  -90°C  (entry  7). 

All  ee-values  corresponded  well  with  the  results  obtained  by  Jacobsen  and  co- 
workers.  It  was  also  confirmed,  that  in  the  absence  of  a catalyst  (that  is  with  only  NMNO 
and  mCPBA  being  present)  no  epoxide  is  detectable,  even  after  one  hour  reaction  time  at 
room  temperature. 

Enzymatic  Acylation  / Hydrolysis  of  Inositol  Derivatives 

In  this  section,  a short  overview  will  be  given  of  the  attempts  to  achieve  de- 
racemization  of  myo-inositol  and  inositol  dimer  derivatives. 
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The  main  problem  associated  with  the  enzymatic  acylation  of  inositol  derivatives 
in  their  high  insolubility.  A/yo-inositol  itself  is  almost  completely  insoluble  in  most 
organic  solvents  as  well  as  water.  Therefore,  conditions  that  had  been  developed  for  the 
enzymatic  acylation  of  glucose264  were  adapted  (Scheme  170). 


HO. 

HO 


☆ 


OH 

OH 


Porcine  pancreas  lipase  (PPL) 
vinyl  acetate,  pyridine 


OH 
5 

Scheme  170.  Enzymatic  acylation  of  m.vo-inositol 
A/yo-inositol  was  suspended  in  pyridine  and  allowed  to  react  with  vinyl  acetate 
under  lipase  catalysis  at  40°C.  After  a reaction  time  of  48  hours,  some  acylated  material 
was  detected  by  means  of  NMR  analysis;  however,  these  products  were  also  present  in  a 
blank  sample  that  did  not  contain  any  enzyme.  This  led  to  the  conclusion  that  the 
acylation  proceeds  independently  of  the  enzyme,  presumably  because  of  the  rather  harsh 
reaction  conditions.  Two  fully  acetylated  molecules  had  to  be  prepared  as  starting 
materials  for  the  enzymatic  hydrolysis  reaction. 


Scheme  171.  Synthesis  of  mvo-inositol  hexaacetate 
A/vo-Inositol  hexaacetate  was  prepared  following  the  standard  protocol  (Scheme 
171).  This  compound  had  been  prepared  earlier-65  and  the  product  gave  an  NMR- 
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spectrum  identical  to  the  one  in  the  literature.  The  peracetate  of  inositol  dimer  538 
also  prepared  (Scheme  172). 

OH 


OAc 


DMAP,  CH?CI 


was 


Scheme  172.  Synthesis  of  peracetate  552 

With  551  and  552  in  hand,  several  attempts  were  made  to  hydrolyze  on  or  more  of 
the  esters  under  enzyme  catalysis  (Table  6). 

Table  6.  Hydrolysis  experiments 


Entry 

Substrate 

Enzyme 

Conditions 

1 

551 

PPL 

0.1M  sodium  phosphate  buffer,  pH=7.5 

2 

551 

CCL 

0.1M  sodium  phosphate  buffer,  pH=7.5 

3 

551 

PPL 

az-BuOH,  THF 

However,  in  all  cases  no  hydrolysis  products  could  be  detected.  The  activity  of  the 
enzymes  was  confirmed  by  hydrolysis  of  amyl  acetate  and  subsequent  detection  of 
hydrolysis  products  by  GC  analysis.  Only  in  the  transesterification  experiment  (entry  3) 
were  products  other  than  starting  material  detected,  yet  the  analysis  of  the  crude  reaction 
mixture  did  not  indicate  the  presence  of  hydrolyzed  / transesterified  products. 
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Synthesis  of  a Sulfated  Inositol  Dimer 


Because  of  the  growing  interest  in  the  chemical  community  in  low-weight  heparin 

266-768 

analogs'  ' we  decided  to  engage  in  the  synthesis  of  a sulfated  analogue  of  an  inositol 
dimer.  Oxygen-linked  dimer  538  was  therefore  reacted  with  trimethylamin-S03 
complex'69  in  DMF  to  accomplish  exhaustive  sulfation  (Scheme  173). 


?H 


OH 

538 


OSOjNa 

NaSOjO  -,^\~S03Na 
NaS030,^Xr^0S03Na 


Scheme  173.  Sulfation  of  dimer  538 

The  identity  of  the  reaction  product  could,  however,  not  be  established  with  100% 
certainty.  Because  of  the  great  number  of  negative  charges,  553  eluded  MS-analysis; 
therefore  it  was  not  possible  to  obtain  a molecular  weight.  NMR  analysis  proved  to  be 
inconclusive  as  well.  The  strongest  argument  for  structure  553  comes  from  combustion 
analysis.  Although  the  values  found  do  not  match  the  calculated  ones  very  closely 
(probably  because  of  the  uncertainty  in  how  many  sulfates  exists  as  salts  versus  as  free 
acids),  the  high  sulfur  content  from  combustion  analysis  strongly  suggests  a degree  of 
sulfation  of  >80%.  For  a more  detailed  description  of  the  preparation  of  553  the  reader 
may  be  referred  to  the  experimental  section  of  this  manuscript. 


CONCLUSION 


The  use  of  a chemoenzymatic  approach  has  once  more  proven  to  be  a valuable 
strategy  for  the  synthesis  of  complex  target  molecules.  Throughout  this  manuscript, 
homochiral  materials  were  produced,  most  of  which  stem  from  the  chiral  cw-diol 
obtained  by  the  whole-cell  oxidation  of  bromobenzene  with  E.  coli  JM109  (pDTG601). 

In  the  first  part  of  this  work,  a new  method  for  the  synthesis  of  symmetrical 
diamines  has  been  utilized  to  establish  the  dimeric  nature  of  the  target  molecules  in  a 
simple  one-pot  procedure,  yielding  the  desired  dimers  in  excellent  yields.  Starting  from 
one  common  intermediate,  two  iV-linked  inositol  dimers  and  two  AMinked  conduritol 
dimers  were  prepared  in  a few  steps.  Compounds  of  this  type  were  completely  unknown 
and  the  work  described  in  this  manuscript  represents  the  first  instance  of  two  inositol 
units  linked  by  a heteroatom  other  than  oxygen.  It  has  been  found  that  the  structure  of 
these  dimers  shows  some  very  interesting  features  such  as  intramolecular  hydrogen- 
bonding, which  presumably  plays  an  important  role  in  determining  their  three- 
dimensional  structure. 

All  dimers  were  also  tested  for  their  inhibition  properties  towards  six 
commercially  available  glycosidases.  Since  various  problems  were  encountered  with  the 
traditional  glycosidase  assay,  a new  method  that  allows  for  the  rapid  screening  of 
different  compounds  for  their  inhibition  properties  was  developed.  Using  this  new 
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method,  all  inositol  dimers  as  '*ril  as  several  test  compounds  for  the  validation  of  the 
assay  were  screened. 

Almost  all  inositol  dimers  were  found  to  be  active  against  [3-galactosidase  with 
most  of  them  also  possessing  some  side-activity  against  a-glucosidase.  The  reason  for 
this  remains  unclear,  since  the  hydroxylation  patterns  found  in  these  sugars  does  not 
match  the  ones  present  in  the  inositol  dimers.  One  can  speculate,  that  the  bonding  of  the 
dimer  to  the  enzyme  involves  not  only  the  hydroxyl  groups  of  one  inositol  or  conduritol 
ring,  but  the  OH-groups  of  both  rings,  therefore  making  predictions  of  their  mode  of 
binding  very  complex. 

The  project,  which  was  done  together  with  Theodore  Martinot  and  Jerremey 
Willis  has  allowed  us  to  gain  valuable  insight  into  the  structural  and  biological  properties 
of  these  inositol  and  conduritol  dimers.  Since  one  of  these  compounds  also  proved  to  be  a 
good  inhibitor  of  {3-galactosidase,  it  could  serve  as  a lead  compound  for  future  studies 
aimed  towards  the  optimization  of  the  inhibition  properties  of  these  compounds. 

In  the  second  part  of  this  work,  a reaction  was  discovered  by  accident  which  led  to 
a very  short  and  precise  synthesis  of  a new  diaminoinositol.  The  key  step,  the  base- 
catalyzed  ring-opening  of  a vinyl  aziridine  with  a sulfonamide  was  studied  and  could  be 
transformed  from  an  insignificant  side-reaction  to  a valuable  synthetic  process,  providing 
the  target  molecule  in  yields  of  up  to  95%  yield. 

This  new  method  has  also  further  expanded  the  scope  of  vinyl  aziridine  openings. 
As  shown  in  the  first  part  of  this  work,  ring-opening  of  vinyl  aziridine  522  with  ammonia 
under  Yb(OTf)3  catalysis  provides  amine  554,  whereas  ring  opening  with  benzylamine 
and  the  same  catalyst  leads  to  compound  555.  The  opening  with  sulfonamide  described  in 
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this  manuscript  allows  us  to  access  the  (pseudo)symmetrical  species  539,  which  has  two 
identical  protecting  groups.  These  strategies  enable  us  to  construct  differently  protected 
diamines  from  the  same  precursor,  thus  allowing  further  functionalization  of  either  of  the 
two  amino  groups  (Scheme  174). 


Br 


NHTs  NHTs  NHTs 

554  539  555 

Scheme  174.  Different  strategies  for  vinyl  aziridine  opening 
Finally,  the  diaminoinositol  reported  in  this  work  has  also  been  used  as  the 
starting  material  for  the  synthesis  of  two  novel  salen-type  catalysts.  The  potential  of  these 
catalysts  for  asymmetric  synthesis  has  been  evaluated  by  investigating  their  ability  to 
induce  chirality  in  the  asymmetric  epoxidation  of  styrene  and  the  results  have  been 
compared  to  the  ones  obtained  with  Jacobsen’s  catalyst. 

It  was  found,  however,  that  these  new  catalysts  were  inferior  to  Jacobsen’s 
catalyst.  This  can  either  be  attributed  to  an  unfavorable  geometry  around  the  active 
manganese  atom  or  it  might  arise  from  a “mismatched”  situation  of  the  chirality  of  the 
hydroxyl  groups  interfering  with  the  arrangement  of  the  two  imines. 


EXPERIMENTAL 


All  non-aqueous  reactions  were  performed  using  standard  techniques  for  the 
exclusion  of  moisture  and  air.  Methylene  chloride  and  dioxane  were  distilled  from 
calcium  hydride,  whereas  ether  and  THF  were  dried  over  sodium/  benzophenone.  Thin- 
layer  chromatography  was  performed  on  Silicycle  plates  and  flash  chromatography  using 
Natland  200-400  mesh  silica  gel.  Melting  points  were  recorded  on  Hoover  Unimelt 
apparatus  and  are  uncorrected.  IR  spectra  were  recorded  on  a Perkin-Elmer  FT-IR  or  on  a 
Perkin-Elmer  Spectrum  One  FT-IR  spectrometer.  ’H  and  l3C  NMR  spectra  were  recorded 
on  a Varian  Gemini  (300  MHz),  a Varian  VXR  (300  MHz),  and  a Mercury  300  (300 
MHz)  instrument.  All  chemical  shifts  are  referenced  to  TMS  or  residual  undeuterated 
solvent.  For  13C-NMR  spectra  in  D:0,  a small  amount  of  MeOH  was  deliberately  added 
as  internal  standard.  Optical  rotation  was  measured  on  a Perkin  Elmer  341  instrument.  A 
HP  5890  instrument  was  used  for  gas  chromatography.  FPLC  was  performed  on  a 
Pharmacia  Biotech  system.  All  combustion  analyses  were  performed  by  Atlantic 
Microlab,  Norcross  GA.  Mass  spectra  were  recorded  by  the  analytical  division  at  the 
University  of  Florida,  Gainesville. 
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General  procedure  for  the  inhibition  assays 

All  measurements  were  made  on  a Perkin  Elmer  8452A  diode  array  spectrophotometer 
with  a multi-cell  attachment. 

The  following  buffers  were  used  for  the  tests: 

Sodium  phosphate  buffer  (25  mM)  pH=7.3  for  p-galactosidase 
Sodium  phosphate  buffer  (25  mM)  pH=6.8  for  (3-glucosidase,  a-glucosidase 
Sodium  phosphate  buffer  (25  mM)  pH=6.0  for  a-mannosidase,  a-galactosidase 
Sodium  phosphate  buffer  (25  mM)  pH=5.5  for  p-mannosidase 
The  inhibitor  concentration  was  kept  around  1 mg/mL.  All  tests  were  run  at  37°C,  except 
for  the  a-mannosidase  test,  which  was  performed  at  25°C.  The  substrate  concentration 
was  5 mM  except  for  the  a-  and  p-mannosidase  assay  were  it  was  2.5  mM.  The  enzyme 
concentration  was  adjusted  to  produce  a slope  of  about  0.02-0.025  except  for  the  P- 
mannosidase  assay,  were  it  was  adjusted  to  give  a slope  of  0.005-0.01.  The  final  volume 
(adjusted  with  the  corresponding  buffer)  was  1000  pL  in  all  cases. 

To  a solution  of  varying  amounts  of  inhibitor  (usually  0-400  mL)  in  the 
corresponding  buffer  solution  was  added  100  pL  of  the  enzyme  solution,  except  for  one 
vial  that  was  run  as  a blank  to  correct  for  the  autohydrolysis  of  the  substrate.  All  samples 
were  pre-incubated  at  the  corresponding  temperature  for  30  minutes,  after  which  the 
reaction  was  started  by  addition  of  the  substrate  (400  pL).  The  absorption  was  then 
recorded  over  a period  of  20  minutes  by  continually  scanning  all  samples.  The  slopes 
obtained  tor  the  individual  samples  were  then  plotted  against  the  inhibitor  concentration 
to  obtain  the  usual  inhibition  curves. 
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General  procedure  for  the  chiral  epoxidation  studies 

GC-analysis: 

Column:  CP-Chirasil-Dex  CB  (Chrompack) 

Time  program:  initial  temp:  70°C 

Initial  time:  5 min 

rate:  3°C/min 

final  temp:  120°C 

final  time:  5 min 

Injection  volume:  0. 1 pL 

Typical  procedure: 

To  a solution  of  styrene  (25  mg;  0.24  mmol)  and  NMN0H20  (162  mg;  1.2  mmol)  in 
CH2C12  (2mL)  was  added  catalyst  (5  mol%  of  either  501,  548,  or  550).  The  reaction 
mixtures  were  then  cooled  to  either  0°C  or  -78°C.  To  these  solutions  was  added  mCPBA 
(88  mg)  in  2 portions  over  a period  of  5 minutes.  After  10  min  and  1 hour,  small  samples 
(0.5  ml)  were  taken  out  of  the  reaction  mixture,  quenched  with  solid  Na2C03,  filtered 
through  a plug  of  silica  and  washed  with  ether. 

These  solutions  were  then  directly  injected  in  the  GC. 
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Br  Bis-(6-[(lR,  25,  35,  65)-4-bromo-2,3-0- 

0 

/<C  isopropylidenecyclohex-4-ene-l,2,3-triol])  amine  (512) 

A 2-neck  round-bottom  flask  equipped  with  a dry-ice 
condenser  was  charged  with  epoxide  440  (1.934  g;  7.833 
mmol)  and  Yb(OTf)3  (971  mg;  1.566  mmol).  Ammonia  (about 
20  mL)  was  condensed  into  the  reaction  vessel  and  allowed  to  reflux  for  8 hours,  after 
which  it  was  allowed  to  evaporate.  To  the  solid  residue  was  added  a solution  of  epoxide 


512 


440  (2.1  g;  8.505  mmol)  in  1.4-dioxane  (20  mL)  and  the  mixture  was  heated  to  reflux  for 
24  hours.  After  cooling  to  room  temperature,  the  solvent  was  removed  under  reduced 
pressure  and  the  residue  purified  by  flash-chromatography  (1:1  hexanes:  ethyl  acetate)  to 


yield  512  (3. 136  g;  78%)  as  a yellow  foam. 

[a]D-7  = +52.3  (c=0.90,  CHC13);  IR  (KBr-pellet)  3448,  2987,  2934,  1382,  1219,  1073 
cm  *H  NMR  (CDC13,  300  MHz)  5 6.21  (d,  J = 1.9  Hz,  2H),  4.68  (d,  J = 6.5  Hz,  2H), 
4.16  (dd,  J = 8.7,  6.5  Hz.  2H),  3.49  (t,  J = 8.8  Hz,  3H),  3.20  (dt,  J = 8.8.  1.5  Hz,  2H),  , 
1.54  (s,  6H),  1.42  (s,  6H);  13C  NMR  (CDCI3,  75  MHz)  8 133.9,  1 19.4,  1 10.9,  78.3,  77.2, 
71.9,  57.2,  28.3,  26.0;  HRMS  calcd.  for  Cl8H26NBr206  (M+H)+:  512.0108;  Found: 
512.0278;  Anal.  Calcd.  for  C18H25Br2N06:  C,  42.29;  H,  4.93;  N,  2.74.  Found:  C,  42.22; 


H,  4.94;  N,  2.60. 
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fi/s-(6-[(l/?,  2 S,  3R,  6S)-2,3-0-isopropylidenecyclohex-4- 
ene-l,2,3-triol])  amine  (508) 

OH 

Compound  512  (407  mg;  0.796  mmol)  was  dissolved  in  dry 
THF  and  degassed  with  argon  for  20  min.  AIBN  (13  mg;  0.079 
mmol)  was  added  and  the  mixture  heated  to  reflux  after  which 
Bu3SnH  (514  pL;  1.911  mmol)  was  added.  The  reaction  was  allowed  to  reflux  for  4.5 
hours  and  then  cooled  to  room  temperature.  The  solvent  was  removed  in  vacuo  and  the 
residue  purified  by  flash-chromatography  (ethyl  acetate)  to  yield  232  mg  (83%)  of  the 
title  compound  as  a white  solid. 

mp  = 159  - 160  °C;  [a]D30  = -13.8  (c=1.55,  CHC13);  IR  (KBr-pellet)  3424,  2989,  2926, 
1381,  1258,  1210,  1068  cm1;  'H  NMR  (CDC13,  300  MHz)  5 5.90  (m,  4H),  4.63  (dd,  J = 
6.8,  2.0  Hz,  2H),  4.13  (dd,  J = 8.8,  6.7  Hz,  2H),  3.72  (s,  3H),  3.48  (dd,  J = 9.0  Hz,  2H), 
3.22  (d,  J = 9.2  Hz,  2H),  1.51  (s,  6H),  1.39  (s,  6H);  13C  NMR  (CDC13,  75  MHz)  6 132.8, 
124.0,  110.0,  78.1,  72.4,  72.3,  55.5,  28.1,  25.6;  HRMS  calcd.  for  Ci8H28N06  (M+H)+: 
354.1917;  Found:  354.1925;  Anal.  Calcd.  for  C,8H27N06:  C,  61.17;  H.  7.70;  N,  3.96. 
Found:  C,  60.88;  H,  7.92;  N,  3.87. 
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£M6-[(lfl,  2 R,  3 R,  6S)-l-0-acetyl-2,3-0-iso- 
propylidenecyc!ohex-4-ene-l,2,3-triol])  acetamide  (514) 

Dimer  508  (165  mg,  0.467  mmol)  was  dissolved  in  dry  1,4- 
dioxane  (15  mL)  in  a flame-dried  flask  under  argon  and  a 
spatula  tip  of  DMAP  w as  added.  Pyridine  (1.70  mL,  21.016  mmol)  and  acetic  anhydride 
(1.33  mL,  14.011  mmol)  were  added  and  the  mixture  heated  to  reflux  until  TLC 


monitoring  showed  that  complete  conversion  had  occurred  (usually  24  hours).  The 
mixture  was  allowed  to  cool  down,  quenched  with  excess  methanol  and  stirred  for  15 
min.  The  solvent  was  removed  under  reduced  pressure  and  the  residue  dissolved  in  20  mL 
ethyl  acetate.  The  organic  layer  was  extracted  three  times  with  0.1  M HC1  (10  mL  each) 
and  washed  with  a saturated  aqu.  NaHC03-solution  (5  mL).  The  organic  layer  was  dried 

(MgS04)  and  concentrated  on  a rotary  evaporator  to  give  514  (196  mg,  88  %)  as  a slightly 
yellow  foam. 

mp  = 172-174  °C;  [a]D'6  = +12.6  (c=0.95,  CHC13);  IR  (KBr-pellet)  3448,  2988,  2936, 
2871,  1751,  1654,  1381,  1229,  1064  cm'1;  'H  NMR  (acetone- d6,  300  MHz)  5 6.06  (dt,  J 
= 10.1,  3.5  Hz,  1H),  5.95  (m,  1H),  5.77  - 5.59  (m,  2H),  5.35  (t,  J = 9.9  Hz,  1H),  7.74  (t, 
4.7  Hz,  1H),  4.63  (m,  3H),  4.33  (dd,  J = 9.23,  6.01  Hz,  1H),  4.23  (d,  J = 10.2  Hz,  1H), 
4.14  (dd,  J = 9.4,  6.0  Hz,  1H),  3.76  (d,  J = 9.4  Hz,  1H),  3.45  (bs,  1H),  2.1  (s,  3H),  2.04  (s, 
3H)>  L95  (s-  3H),  1.37  (s,  3H),  1.34  (s,  3H),  1.31  (s,  3H),  1.25  (s,  3H);  13C  NMR  (CDC13, 
75  MHz)  5 171.3,  170.5,  170.2,  134.5,  124.5,  111.0,  110.6,  77.4,  72.3,  28.2,  26.5,  26.4, 
21.7,  21.5;  HRMS  calcd.  for  C24H34N09  (M+H)+:  480.2233;  Found:  480.2242;  Anal. 
Calcd.  for  C24H32N09:  C,  60.1 1;  H,  6.94;  N,  2.92.  Found:  C,  60.18;  H,  6.97;  N,  2.88; 
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Z?/s-(6-[(l/?,  2S,  3 R,  6S)-l-0-acetyl-2,3-4,5-di-0-isopropyl- 
idenecyclohex-4-ene-l,2,3,4,5-pentoI])  acetamide  (516) 

Dimer  514  was  dissolved  in  acetone  / H:0  (10:1,  23  mL), 
then  NMNO  (1.513  g,  12.91  mmol)  and  one  crystal  of  0s04 
were  added.  The  reaction  was  stirred  under  argon  for  16 
hours.  The  dark  mixture  was  quenched  with  excess  solid 
NaHS03  and  allowed  to  stir  for  30  min.  The  mixture  was  then  put  on  a rotary  evaporator 
to  remove  most  of  the  acetone.  To  the  residue  was  added  0.1  M HC1  (50  mL)  and  the 
aqueous  layer  was  extracted  8 x with  ethyl  acetate  (200  mL  each).  The  combined  organic 
layers  were  washed  with  a saturated  aqu.  NaHC03-solution  (50  mL),  dried  (MgS04)  and 
concentrated  in  vacuo  to  give  crude  tetrol  515  (1.48  g)  as  a yellow  semi-solid.  The  latter 
was  dissolved  in  acetone  (30  mL)  and  DMP  (30  mL)  and  a small  spatula  tip  of  p-TsOH 
were  added.  The  reaction  mixture  was  stirred  for  19  hours  under  argon.  After  quenching 
with  excess  solid  NaHC03  and  stirring  for  10  min,  the  mixture  was  concentrated  and 
loaded  directly  on  a flash-chromatography  column  and  eluted  with  hexanes  - ethyl  acetate 
( 1 : 1 ) to  yield  516  ( 1 .359  g,  60  % for  both  steps)  as  a white  foam. 

mp  = 96-98  °C;  [a]D"6=  -54.5  (c=1.05,  CHC13);  IR  (KBr-pellet)  3508,  2989,  2940,  1759, 
1663,  1456,  1385,  1220,  1165,  1048  cm'1;  ‘H  NMR  (CDC13,  300  MHz)  5 5.87  (dd,  J = 
10.7,  9.1  Hz,  1H),  4.95  (dd,  J = 1 1.7,  6.5  Hz,  1H),  4.81  (dd,  J = 8.6,  7.0  Hz,  1H),  4.73 
(dd,  J = 5.8,  5. 1 Hz,  1 H),  4.50  (t,  J = 5.9  Hz,  1 H),  4.45  - 4.34  (m,  3H),  4.23  (dd,  J = 7.3, 
5.4  Hz,  1H),  4.12  (m,  1H),  3.98  (dd,  J = 11.3,  8.8  Hz,  1H),  3.22  (dd,  J = 10.7,  5.1  Hz, 
1H),  2.18  (s,  6H),  2.08  (s,  3H),  1.65  (s,  3H),  1.53  (s,  3H),  1.50  (s,  9H),  1.37  (s,  3H),  1.32 
(s,  3H),  1.30  (s,  3H);  l3C  NMR  (CDC13,  75  MHz)  5 173.2,  171.1,  169.6,  110.3,  110.1, 


27.5,  25.7,  25.6,  25.0.  23.3,  22.0,  21.9,  21.6;  HRMS  calcd.  for  Cjo^NO.s  (M+H)+: 
628.2969;  Found:  628.2962;  Anal.  Calcd.  for  C30H45NO13:  C,  57.41;  H,  7.23;  N,  2.23. 
Found:  C,  57.28;  H,  7.21;  N,  2.29. 
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OH 


Bis-(6-[(l/?,  25,  3 R,  65)-  cyclohexa-l,2,3,4,5-pentol])  acetamide 


HO 


HO 


'OH 


505  solution  of  NaOMe  in  MeOH  (7  mL)  and  stirred  at  room 


OH 


Compound  516  (128  mg;  0.204  mmol)  was  dissolved  in  a 0.1  M 


(505) 


OH 


temperature  for  2.5  hours.  The  mixture  was  concentrated  under 


reduced  pressure  and  the  residue  was  dissolved  in  CH2C12  / EtOAc  (1:1)  and  filtered 
through  a plug  of  silica.  The  filtrate  was  evaporated  to  yield  an  off-white  foam  (1 10  mg; 
99%).  The  latter  (249  mg;  0.458  mmol)  was  dissolved  in  MeOH  (30  mL)  and  cone.  HC1 
(100  p.L)  was  added.  The  mixture  was  stirred  for  24  hours  and  then  concentrated  under 
reduced  pressure.  The  solid  residue  was  dissolved  in  MeOH  and  acetone  added  until 
precipitation  occurred.  The  amorphous  precipitate  was  removed  by  centrifugation  and 
washed  with  acetone  to  give  the  title  compound  (101  mg;  57%  for  both  steps)  as  an  off- 
white,  amorphous  solid. 

mp  = 259-262  °C  (decomp.);  [a]D:8  = -40.4  (c=1.0,  MeOH);  IR  (KBr-pellet)  3393,  2915, 
1699,  1624,  1447,  1388,  1301,  1032  cm'1;  !H  NMR  (MeOH-^,  300  MHz)  5 4.90  - 4,98 
(m,  1H),  4.70  (dd,  J = 10.0  Hz.  1H),  4.08  (dd,  J = 10.4,  2.5  Hz,  2H),  3.70  - 3.90  (m,  6H), 
3.62  (dd,  J = 9.7,  3.1  Hz,  1H),  3.43  (dd.  J = 10.4  Hz,  1H),  2.23  (s,  3H);  l3C  NMR 
(MeOH-d*  75  MHz)  5 177.4,  72.5,  72.0,  71.4,  71.2,  71.0,  70.3,  67.8,  67.6,  65.7,  65.4, 
64.4,  56.9,  23.4;  HRMS  ealed.  for  C14H26NOn  (M+H)+:  384.1505;  Found:  384.1506; 
Anal.  Calcd.  for  CHH25mu  H:0:  C,  41.90:  H,  6.78;  N,  3.49.  Found:  C,  41.81;  H,  6.70; 


N,  3.18; 
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Bis-(6-[(\R,  2 R,  3 R,  6S)-l-0-acetyl-2,3-0- 
isopropy!idenecyclohex-4-ene-l,2,3-triol])  amine  (513) 
Dimer  508  (323  mg;  0.914  mmol)  was  dissolved  in  dry 
CH2C12  in  a flame-dried  flask  under  a static  argon  atmosphere, 


and  a spatula  tip  of  DMAP  was  added.  The  reaction  mixture  was  cooled  to  0°C,  followed 


by  addition  of  pyridine  (211  pL;  2.61  mmol)  and  acetic  anhydride  (185  pL;  1.94  mmol). 
The  reaction  mixture  was  stirred  at  0°C  for  1 hour  and  then  slowly  allowed  to  warm  to 


room  temperature.  After  10  hours,  the  mixture  was  quenched  with  MeOH  (0.3  mL), 
stirred  for  20  min  and  concentrated  in  vacuo.  The  resulting  yellow  oil  was  purified  by 
flash  chromatography  (hexanes:  ethyl  acetate  = 3:2)  to  yield  the  title  compound  (356  mg; 
89%)  as  a white  solid. 

mp  = 143-144  °C;  [a]D29  = +30.9  (c=1.03,  CHC13);  IR  (KBr-pellet)  3038,  2994,  2938, 
2875,  1742,  1374,  1246,  1171,  1066,  972,  892,  868,  754  cm'1;  ‘H  NMR  (CDC13,  300 
MHz)  5 5.79  (s,  4H),  4.97  (dd,  J = 8.1  Hz,  2H),  4.57  (dd,  7=  6.1, 2.2  Hz,  2H),  4.14  (dd,  J 
= 8.2,  5.9  Hz,  2H),  3.23  (d,  J = 8.2  Hz,  2H),  2.07  (s,  6H),  1.77  (bs,  1H),  1.45  (s,  6H),  1.33 
(s,  6H);  ,3C  NMR  (CDC13,  75  MHz)  5 170.6,  133.2,  123.9,  1 10.7,  75.8,  74.0,  72.5,  56.1, 
28.1,  26.4,  21.4;  HRMS  calcd.  for  C22H32N08  (M+H)+:  438.2128;  Found:  438.2115; 
Anal.  Calcd.  for  C22H31N08:  C,  60.40;  H,  7.14;  N,  3.20.  Found:  C,  60.53;  H,  7.09;  N, 


3.12; 
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-0  Bis-(6-[(lR,  2 R,  3 R,  65)-l-0-acetyl-2,3-0- 

isopropylidenecvclohex-4-ene-l,2,3-triol]) 
trifluoroacetamide  (518) 

Amine  513  (910  mg;  2.08  mmol)  was  dissolved  in  dry 
pyridine  (20  mL)  in  a flame-dried  thick-wall  tube  under  argon 
atmosphere  and  trifluoroacetic  anhydride  (1.5  mL)  was  added.  The  tube  was  sealed  and 
heated  in  an  oil-bath  to  100°C  for  two  hours.  The  mixture  was  allowed  to  cool  to  room 
temperature,  diluted  with  MeOH  (50  mL)  and  concentrated  under  reduced  pressure.  The 


lesidue  was  co-evaporated  several  times  with  toluene  and  the  resulting  brown  oil  purified 
by  flash-chromatography  (3:2  hexanes:  ethyl  acetate)  to  yield  amide  518  (980  mg;  88%) 
as  an  off-white  foam. 


[a]D“8  - +52.4  (c-0.75,  CHC13);  IR  (film  on  NaCl)  2988,  2935,  2360,  1752,  1703,  1373, 
1223,  1064  cm'1;  ]H  NMR  (CDC13,  300  MHz)  6 6.01  (dt,  7 = 10.2,  2.5  Hz,  1H),  5.91  (dt, 
J=  10.0,  3.2  Hz,  1H),  5.87  (dd,  7 = 9.4  Hz,  1H),  5.64  (d,  7=  10.4  Hz,  1H),  5.58  (dd,  7 = 

10.4,  2.4  Hz,  1H),  5.19  (bs,  1H),  4.64  (bs,  1H),  4.57  (m,  2H),  4.44  (dd.  7 = 5.2  Hz,  1H), 
4.17  (d,  7 = 9.8  Hz,  1H),  4.10  (dd,  7 = 9.1,  6.1  Hz,  1H),  2.18  (s,  3H),  2.06  (s,  3H),  1.49  (s, 
3H),  !-40  (s,  3H),  1.38  (s,  3H),  1.35  (s,  3H);  l3C  NMR  (CDC13,  75  MHz)  8 170.5,  169.8, 
157.0  (q,  7 = 36  Hz),  132.7,  130.9,  126.0,  124.2,  1 15.9  (q,  J = 288  Hz),  111.1,1 10.7, 

77.5,  72.8,  72.7,  71.4,  70.2,  69.2,  57.4,  57.3,  28.2,  28.0,  26.7,  26.4,  21.3,  21.1;  HRMS 
calcd.  for  C23H27N09F3  (M-CH3)+:  518.1638;  Found:  518.1657;  Anal.  Calcd.  for 
C24H3oN09F3:  C,  54.03;  H,  5.67;  N,  2.63.  Found:  C,  54.28;  H,  5.73;  N,  2.55; 
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o 


o 


X 


2 S,  3 R,  6S)-l-0-acetyl-2,3-4,5-di-0- 


acetamide  (520) 


isopropylidenecyclohex-4-ene-l ,2,3,4, 5-pentol])  trifluoro 


Amide  518  (893  mg;  1.674  mmol)  was  dissolved  in  a mixture 


(15  ml)  of  acetone  / H2O  / f-BuOH  (100  : 10  : 1),  to  which 


was  added  NMNO  (706  mg;  6.026  mmol)  and  a small  crystal 


of  solid  Os04.  After  48  hours,  an  additional  portion  of  NMNO  (400  mg;  3.414  mmol) 
was  added.  The  reaction  was  quenched  after  50  hours  by  addition  of  excess  10%  aqu. 
sodium  bisulfite  and  allowed  to  stir  for  15  min.  After  adjusting  the  pH  value  to  ~3  with 
1M  HC1,  the  mixture  was  extracted  with  ethyl  acetate  (4  x 200  mL)  and  the  combined 
organic  layers  washed  with  saturated  aqueous  NaHC03  (20  mL),  dried  (MgS04)  and 
concentrated  in  vacuo  to  yield  780  mg  of  a brown  semi-solid  of  the  corresponding  tetrol. 
This  material  was  dissolved  in  CH2CI2  (30  mL)  and  DMP  (4  mL)  and  a catalytic  amount 
of  p-TsOH  was  added.  The  reaction  was  allowed  to  stir  at  room  temperature  for  14  hours. 
The  mixture  was  diluted  with  ethyl  acetate  (100  mL),  washed  with  sat.  aqu.  NaHCOj,  (10 
mL),  dried  and  concentrated  under  reduced  pressure  to  give  the  tetraacetonide  520  (559 
mg;  53%  over  two  steps)  as  an  off-white  foam. 

[a]D:7  = -71.2  (c=0.8,  CHCI3);  IR  (KBr  - pellet)  2989,  2941,  1762,  1701,  1457,  1374, 
1220,  1054  cm1;  ‘H  NMR  (CDC13,  300  MHz)  5 5.76  (dd,/=  11.0,8.9  Hz,  lH),5.15(dd, 
J = 10.6,  7.1  Hz,  1H),  4.92  (dd,  J = 7.9  Hz,  1H),  4.84  (dd,  J = 6.1,  1H),  4.46  (m,  3H), 
4.05  - 4.30  (m,  3H),  3.89  (dd,  J = 9.9  Hz,  1 H),  3.48  (dd,  J = 1 1 .3,  5.6  Hz,  1 H),  2. 1 8 (s, 
3H),  2.07  (s,  3H),  1.61  (s,  3H),  1.53  (s,  3H),  1.51  (s,  3H),  1.49  (s,  3H),  1.45  (s,  3H),  1.36 
(s,  3H),  1 .3 1 (s,  3H),  1 .30  (s,  3H);  13C  NMR  (CDCI3,  75  MHz)  5 1 70.9,  1 69. 1 , 1 59. 1 (q,  J 
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= 36  Hz),  1 16.1  (q,  J = 290  Hz),  1 10.7,  109.9,  109.7,  109.6,  78.4,  77.5,  76.7,  76.2,  75.8, 
73.8,  68.5,  67.8,  60.2,  57.8,  28.1,  27.5,  27.4,  26.6,  25.6,  25.3,  24.8,  21.8,  21.1;  HRMS 
calcd.  for  C30H43NO13  (M+H)+:  682.2686;  Found:  682.2647;  Anal.  Calcd.  for 
C30H42F3NO13:  C,  53.86;  H,  6.21;  N,  2.05;  Found:  C,  53.09;  H,  6.22;  N,  1.98; 
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9H  Z?/s-(6-[(1/?,  2 S,  3 R,  65)-  cyclohexa-l,2,3,4,5-pentol])  amine 

HO*. 

a~XJ*c 


hydrochloride  (502) 


OH 


502 


Compound  520  (444  mg;  0.707  mmol)  was  dissolved  in  a 0.1  M 


solution  of  NaOMe  in  MeOH  (10  mL)  and  stirred  at  room 
temperature  for  4 hours.  The  mixture  was  concentrated  under 
reduced  pressure  and  the  residue  loaded  on  a flash-chromatography  column  (3:1  ethyl 


acetate:  hexanes)  to  yield  an  off-white  foam  (310  mg;  88%),  which  was  dissolved  in 
MeOH  (9  mL)  and  cone.  HC1  (500  |iL)  was  added.  The  mixture  was  allowed  to  stand  at 
room  temperature  for  20  hours  after  which  a white  precipitate  had  formed.  The  crystals 
were  filtered  and  washed  with  MeOH/  acetone  (1:1).  Concentration  and  crystallization  of 


the  mother  liquor  gave  additional  precipitate  that  was  combined  with  the  former  to  yield 
hydrochloride  502  (200  mg;  75%  over  2 steps)  as  white  crystals. 

[a]D30=  -61.9  (c=1.0,  H20);  IR  (KBr-pellet)  3444,  3321,  1577,  1440,  1383,  1333,  1207, 
1091  cm  ';  'H  NMR  (D20,  300  MHz)  5 4.19  (dd.  J = 10.6,  2.3  Hz,  2H),  4.09  (m,  4H), 
3.99  (dd,  J = 10.2  Hz,  2H),  3.92  (dd,  J = 10.3  Hz,  2H),  3.84  (dd,  J = 9. 1,  2.0  Hz,  2H);  13C 
NMR  (D20,  75  MHz)  6 71.8,  71.1,  71.0,  69.6,  67.7,  62.4;  HRMS  ealed.  for  Cl2H24NO10 
(M+):  342.1400;  Found:  342.1410;  Anal.  Calcd.  for  Ci2H24C1NO|0:  C,  38.15;  H,  6.40;  N, 
3.71.  Found:  C,  38.21;  H,  6.66;  N,  3.60; 
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(IS,  4 R,  5 R,  6/?)-A,AMBis-(4,5,6-trihydroxy-cycIohex-2-enyl)- 
amine  (506) 

Compound  508  (99  mg;  0.280  mmol)  was  dissolved  in  MeOH  (2 
mL)  and  cone.  HC1  (50  jiL)  was  added.  The  solution  was  stirred 
for  5 minutes  and  then  allowed  to  stand  at  r.t.  for  22  hours.  To  the 


mixture  was  added  ether  (20  mL)  upon  which  a white  precipitate  formed.  The  precipitate 
was  removed  by  centrifugation  and  washed  with  ether.  The  mother  liquor  was 
concentrated,  the  residue  dissolved  in  MeOH  (1  mL)  and  additional  fractions  of 
precipitate  were  obtained  by  adding  ether  and  subsequent  evaporation.  The  combined 

solids  were  dissolved  in  water  (5  mL)  and  lyophilized  to  yield  dimer  506  (84  mg;  92%)  as 
its  monohydrate. 

[a]D  = +10.7  (c=0.38,  MeOH);  IR  (KBr-pellet)  3365,  1594,  1418,  1 101  cm'1;  ‘H  NMR 
(MeOH-cL,  300  MHz)  5 6. 11  (ddd,  7=  10.2,  4.4,  2.0  Hz,  2H),  5.91  (dd,  7=  10.2,  2.4  Hz, 
1H),  4.29  (dd,  7 = 4.2  Hz,  2H),  3.99  (dd,  7 = 8.5,  7. 1 Hz.  2H),  3.84  - 3.91  (m,  2H),  3.68 
(dd,  J = 8.5,  4.2  Hz,  2H);  l3C  NMR  (MeOH-<L,  75  MHz)  5 135.2,  122.7,  72.5,  69.2,  67.3, 
59.2;  HRMS  ealed.  for  C12H20NO6  (M+):  274.1291;  Found:  274.1313;  Anal.  Calcd.  for 
C12H20ClNO6  H2O:  C,  43.97;  H,  6.77;  N,  4.27;  Found:  C,  44.25;  H,  6.97;  N,  4.44; 
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(15,  4 R,  5 R,  6/f)-AyV-(Bis-(4,5,6-trihydroxy-cyclohex-2-enyl)- 
acetamide  (507) 

Dimer  514  (188  mg;  0.392  mmol)  was  dissolved  in  a 0.1  M 
solution  of  NaOMe  in  MeOH  (10  mL)  and  stirred  at  room 


temperature  for  12  hours.  The  mixture  was  concentrated  under 
reduced  pressure  and  the  residue  redissolved  in  ethyl  acetate  and  filtered  through  a plug 


of  silica.  The  filtrate  was  concentrated  in  vacuo  to  provide  135  mg  of  a white  solid.  This 


precipitate  (122  mg;  0.308  mmol)  was  dissolved  in  a 2:1:1  mixture  of  THF/TFA/H20  (12 


mL  total)  and  stirred  at  room  temperature  for  1 hour.  The  solution  was  concentrated  and 


the  residue  re-dissolved  in  MeOH  (2  mL).  Upon  addition  of  ether  (20  mL)  a white 
precipitate  formed.  The  mother  liquor  was  concentrated  and  the  crystallization  process 
repeated  two  more  times.  The  combined  precipitates  were  dissolved  in  H20  (5  mL)  and 
lyophilized  to  yield  the  title  compound  (96  mg;  85%  for  two  steps)  as  a white  powder. 
[a]D-7=  +37.7  (c=0.7,  MeOH);  IR  (KBr-pellet)  3351,  1619,  1432,  1297,  1132  cm'1;  'H 
NMR  (MeOH-d4,  300  MHz)  8 5.6  - 6.05  (m,  4H),  4.05  - 4.50  (m,  6H),  3.45  - 3.7  (m, 
2H),  2.21  (s,  3H);  l3C  NMR  (MeOH-J4,  75  MHz)  8 174.5,  133.6,  132.0,  130.8,  127.4, 
74.6,  73.0,  70.2,  69.3,  68.6,  68.0,  65.6,  60.5,  23.6;  HRMS  calcd.  for  C,4H22N07  (M+H)+: 
316.1396;  Found:  316.1398; 
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OH 


6-(2, 3,4,5, 6-Pentahydroxycyclohexyloxy)-cyclohexane-l, 2, 3,4,5- 


>OH 

pentaol  (538) 


o 


Triol  537  (1.70  g;  3.076  mmol)  was  dissolved  in  MeOH  (50  mL)  and 


HO 


HO 


Pd(OH)2  (200  mg)  was  added.  The  suspension  was  put  on  a Paar- 
apparatus  and  subjection  to  hydrogen  atmosphere  (40  psi).  After  1.5 


OH 


538 


hours,  TLC-analysis  showed  that  complete  conversion  had  occurred.  The  mixture  was 
filtered  through  a plug  of  celite  and  concentrated.  The  residue  (1.37  g)  was  re-dissolved  in 
MeOH  (20  mL)  and  cone.  HC1  ( 1 mL)  was  added.  The  mixture  was  stirred  for  2 minutes 
ands  then  allowed  to  stand  without  stirring  for  12  hours,  after  which  a white  precipitate 
had  formed.  The  supernatant  was  removed  and  the  crystals  washed  with  MeOH  (3  x 1 ml) 
and  dried  to  give  538  ( 1 .00  g;  95%  for  two  steps)  as  a white  solid. 

[a]D33  = -69.2  (c=1.2,  H20);  IR  (film  on  NaCl)  3322,  2884,  1396,  1238,  901,  866  cm'1; 
‘H  NMR  (D20,  300  MHz)  6 3.86  - 4.02  (m,  6H),  3.6  - 3.78  (m,  6H);  13C  NMR  (D20,  75 
MHz)  8 85.2,  73.3,  71.6,  71.5,  70.9,  70.5;  HRMS  ealed.  for  Ci2H230h  (M+H)+: 
343.1240;  Found:  343.1252;  Anal.  Calcd.  for  C12H220,,:  C,  42.11;  H,  6.48;  Found:  C, 


42.05;  H,  6.45; 
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Br  (3aS,  4 R,  SS,  7a5)-iV-(7-bromo-4-[4-methyI- 

11  phenyl]sulfonylamino-2,2-dimethyl-3a,4,5,7a-tetrahydro- 

TsHN^V^'0 

NHTs  539  benzo[l,3]dioxol-5-yl)-4-methylphenylsulfonamide  (539) 

To  a solution  of  vinylaziridine  522  (50  mg;  0.125  mmol)  and  p- tosyl  sulfonamide  (21.4 
mg;  0.125  mmol)  in  DMSO  (1.5  mL)  was  added  a 1M  solution  of  TBAF  in  THF  (250  pL) 
and  the  mixture  was  stirred  for  30  min  at  room  temperature.  The  solution  was  diluted 
with  Et20  (5  mL)  and  H20  ( 1 mL)  was  added.  The  layers  were  separated  and  the  aqueous 
layer  was  back-extracted  with  Et20  (5  x 1 mL).  The  combined  organic  layers  were 
washed  with  brine  (1x5  mL),  dried  (MgS04)  and  concentrated  under  reduced  pressure  to 
give  the  title  compound  as  a white  foam  (68  mg;  95%). 

[a]D27  = +44.2  (c=1.00,  CHC13);  DR  (KBr-pellet)  3268,  2988,  2934,  1647,  1598,  1449, 
1332,  1161,  1072,  912,  869,  814  cm'1;  ]H  NMR  (CDC13,  300  MHz)  6 7.69  (m,  4H),  7.3 
(d.  7 = 7.0  Hz,  4H),  6.05  (d,  7 = 4.2  Hz,  1H),  5.85  (d,  J = 8.2  Hz,  1H),  5.28  (d,  J = 8.3  Hz, 
1H),  4.51  (d,  J = 5.3  Hz,  1H),  4.13  (t,  J = 5.6  Hz,  1H),3.68  (dd,  7=  7.0,  3.8  Hz,  1H),  3.51 
(dd,  7 = 12.5,5.8  Hz.  1 H),  2.44  (s,  6H),  1 .26  (s,  3H),  1 . 1 7 (s,  3H);  13C  NMR  (CDC13,  75 
MHz)  5 144.3,  144.0,  137.0,  136.4,  130.6,  130.0,  127.5,  127.4,  123.8,  111.5,  76.2,  75.5, 
53.2,  53.0,  27.4,  26.1,  21.8;  HRMS  calcd.  for  C23H28N206S2BrNa  (M+Na)+:  593.0392; 
Found:  593.0372;  Anal.  Calcd.  for  C23H27N206S2Br:  C,  48.34;  H,  4.76.  Found;  C,  48.62; 


H,  4.80. 
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NHTs  543 


(3aS,  4 R,  55,  7a/?)-A^-(4-[4-methylphenyl]sulfonylamino-2,2- 
dimethyl-3a,4,5,7a-tetrahydro-benzo[l,3]dioxol-5-yl)-4- 


methylphenylsulfonamide  (543) 

To  a solution  of  vinyl  bromide  539  (856  mg;  1.5  mmol)  in  degassed  THF  (150  mL)  was 
added  AIBN  (25  mg;  0.15  mmol)  and  the  mixture  was  heated  to  reflux.  Bu3SnH  (484  p.L; 
1.8  mmol)  was  added  via  syringe  and  the  reaction  was  allowed  to  reflux  for  5 hours,  after 
which  TLC  monitoring  indicated  no  more  remaining  starting  material.  The  mixture  was 
allowed  to  cool  to  r.t.  and  concentrated  in  vacuo.  Flash-chromatography  (hexanes:ethyl 
acetate=  2:1)  afforded  543  (664  mg;  90%)  as  a white  solid. 

[a]D25  = -10.4  (c=0.5,  CHClj);  IR  (KBr-pellet)  3319,  2996,  2984,  1600,  1452,  1306, 
1 160,  810  cm1;  ‘H  NMR  (CDC13i  300  MHz)  5 7.69  - 7.78  (m,  4H),  7.29  (m,  , 4H),  6.05 


(d,  7 = 6.0  Hz,  1H),  5.82  (dd,  7=  11.0,  2.1  Hz,  1H),  5.74  (ddd,  7=  10.0,3.1,  1.7  Hz,  1H), 


4.87  (d,  7 = 7.3  Hz,  1H),  4.48  - 4.53  (m,  1H),  3.95  (dd,  7 = 7.5,  6.0  Hz,  1H),  3.50  - 3.59 


(m,  1H),  3.25  (dd,  7=  14.0,  7.1  Hz,  1H),  2.43  (s,  3H),  2.42  (s,  3H),  1.19  (s,  3H),  0.93  (s, 
3H);  l3C  NMR  (CDC13,  75  MHz)  5 144.1,  143.8,  137.2,  136.8,  131.7,  130.0,  129.9, 
127.8,  127.7,  125.4,  110.7,  75.6,71.6,  54.8,52.7,27.2,  25.8,  21.8,  21.7;  HRMS  calcd.  for 
C23H29N206S2  (M+HF:  493.1467;  Found:  493.1462;  Anal.  Calcd.  for  C23H28N206S2:  C, 
56.08;  H,  5.73.  Found:  C,  56.26;  H,  5.74. 
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Ar-(5-(4-methylphenyl)sulfonylamino-2,2,7,7-tetramethyI- 


hexahydro-benzo[l,2-</;3,4-rf,]bis[l,3]dioxol-4-yl)-4- 


NHTs  544  methylphenylsulfonamide  (544) 

Protected  diamine  543  (493  mg;  1.0  mmol)  and  NMNO  (234  mg;  2 mmol)  was  dissolved 
in  acetone  (4.5  mL)  and  H2O  (0.5  mL).  A small  crystal  of  0s04  was  added  and  the 
reaction  was  allowed  to  stir  at  r.t.  until  no  more  starting  material  was  visible  by  TLC 
monitoring  (usually  ~ 12-24  hours).  The  reaction  mixture  was  quenched  with  excess  10% 
aqu.  NaHSC>3-solution  and  stirred  for  15  min.  The  mixture  was  concentrated  under 
reduced  pressure  to  remove  most  of  the  acetone  and  the  remaining  aqueous  layer  was 
extracted  with  EtOAc  (4  x 50  mL).  The  combined  organic  layers  were  washed  with  brine 
(1x15  mL),  dried  (MgS04),  and  concentrated  in  vacuo.  The  residue  was  dissolved  in 
CH2CI2  (25  mL)  and  2,2-DMP  (1  mL)  and  a spatula  tip  of  p-TsOH  were  added.  The 
reaction  was  allowed  to  stir  at  room  temperature  for  12h  and  then  extracted  with  aqu.  sat. 
NaHCO}  (1  x 10  mL).  The  aqueous  layer  was  back-extracted  with  CH2C12  (2  x 15  mL), 
dried  (MgS04),  and  concentrated.  Flash-chromatography  (hexanes:  EtOAc  = 2: 1 ) of  the 
residue  yielded  the  title  compound  (426  mg;  75%)  as  a white  solid, 
mp  = 167-168  °C;  (a]D27=  -5.7  (c=1.05,  CHCI3);  IR  (KBr-pellet)  3295,  2988,  2936,  1600, 
1458,  1330,  1093  cm1;  !H  NMR  (CDC13,  300  MHz)  5 7.65  - 7.71  (m,  4H),  7.22  - 7.  28 


(m,  4H),  5.66  (d.  J = 8.3  Hz,  2H),  4.40  - 4.46  (m,  2H),  4.22  - 4.28  (m,  2H),  3.26  - 3.36 
(m,  2H),  2.43  (s,  6H),  1.32  (s,  6H),  1.24  (s,  6H);  13C  NMR  (CDC13,  75  MHz)  5 143.7, 
137.6,  129.8,  127.5,  108.9,  76.6,  73.8,  53.1,  26.6,  23.9,  21.8;  HRMS  calcd.  for 
C26H35N208S2  (M+H)+:  567.1835;  Found:  567.1831;  Anal.  Calcd.  for  C26H34N2OgS2:  C, 
55. 1 1 ; H,  6.05.  Found:  C,  55. 1 1 ; H,  5.99. 
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3,4-Diamino-3,4-dideoxy-L-c/»r0-inositol  dihydrochloride  (545) 

Sodium  (20  mg;  0.883  mmol)  was  put  into  a 2-neck  flask  equipped 
with  a dry-ice  condenser  and  ammonia  (about  20  mL)  was  condensed 


into  reaction  vessel,  forming  a deep-blue  solution.  Di-sulfonamide 
544  (161  mg;  0.284  mmol)  was  added  dropwise  as  a solution  in  THF  (1  mL)  and  allowed 
to  react  for  5 min.  The  ammonia  was  allowed  to  evaporate  and  the  residue  CAREFULLY 
quenched  with  water  (1  mL).  The  aqueous  layer  was  extracted  with  ether  (4x5  mL)  and 
the  combined  organic  layers  were  dried  (MgS04)  and  concentrated  in  vacuo  to  yield  the 
corresponding  diamine  (48  mg;  65%).  The  latter  was  dissolved  in  MeOH  (5  mL)  and 
concentrated  HC1  (100  jiL)  was  added  and  the  reaction  was  stirred  for  12  hours  at  room 
temperature.  To  the  yellow  solution  was  added  ether  (5  mL)  to  give  hydrochloride  545  as 
a white  precipitate  (34  mg;  47%  for  both  steps),  which  was  removed  by  filtration. 

[a]D31  = -29.5  (c=0.2,  MeOH);  IR  (KBr-pellet):  3339,  2916,  1970,  1595,  1506,  1120, 
1083,  1025  cm'1;  "H  NMR  (D20,  300  MHz)  5 4.00  - 4.08  (m,  4H),  3.53  - 3.58  (m,  2H); 
13C  NMR  (D20.  75  MHz)  5 70.8,  67.3,  51.6;  HRMS  calcd.  for  C6H16N204  (M-H)+: 


179.1032;  Found:  179.1031;  Anal.  Calcd.  for  C6H14N2041.9  HQ- 1.65  H20.  C,  26.00;  H, 
6.98;  N,  10.1 1;  Found:  C,  26.45;  H,  6.55;  N,  9.68. 
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547 


5,6-J5w-[(3,5-di-terf-butyl-2-hydroxy- 
benzyIidene)-amino]-cyclohexane-l,2,3,4- 
tetraol  (547) 

To  a solution  of  hydrochloride  545  (150  mg; 
0.597  mmol),  aldehvde  546  (308  mg;  1.3147 


mmol)  and  crushed,  activated  molecular  sieves 
(3 A)  in  a 1:1  mixture  of  EtOH  and  MeOH  (15  mL  total)  was  added  a 0.2  M solution  of 
NaOMe  in  MeOH  (12  mL)  upon  which  the  reaction  mixture  turned  bright  yellow.  The 
solution  was  heated  to  reflux  for  15  hours  and  then  allowed  to  cool  to  room  temperature 
and  concentrated  in  vacuo.  The  residue  was  redissolved  in  CH2C12  (20  mL)  and  filtered 


through  a plug  of  silica  and  evaporated  again.  The  residue  was  loaded  on  a flash- 


chromatography  column  and  eluted  with  hexanes  : ethyl  acetate  (1:1)  to  give  547  as  a 
yellow  foam  (292  mg;  80%). 

[a]D~5  = +206.6  (c=0.6,  CHC1);  IR  (Film  on  NaCl):  3403,  2956,  2924,  2869,  1626,  913, 
743  cm'1;  *H  NMR  (CDC13,  300  MHz)  5 8.35  (s,  2H),  7.33  (d,  J = 2.4  Hz,  2H),  7.02  (d,  J 
= 2.4  Hz,  2H),  4.20  - 4.4.32  (m,  4H),  3.64  - 3.  74  (m,  2H),  1.40  (s,  18H),  1.22  (s,  18H); 
l3C  NMR  (CDC13,  75  MHz)  5 169.8,  158.1,  140.6,  136.8,  127.7,  126.8,  1 17.8,  71.9,  71.3, 
70.2,  35.2,  34.3,  31.6,  29.6;  HRMS  calcd.  for  C36H55N206  (M+H)+:  611.4060;  Found: 
61 1.4062;  Anal.  Calcd.  for  C36H54N206  C,  70.79;  H.  8.91;  Found:  C,  70.25;  H,  8.95; 
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H0  0H  5,6-.Bis-[(3,5-di-ter/-butyI-2-hydroxy- 

benzylidene)-amino]-cyclohexane-l, 2,3,4- 

, — ( ^Mn  \ A tetraol  manganese  complex  (548) 

In  a 3-neck  flask  equipped  with  a reflux 
548  condenser  was  dissolved  Mn(OAc)2  4H20  (300 

mg;  1.223  mmol)  in  EtOH  (10  mL).  The  mixture  was  heated  to  reflux  after  which  a 
solution  of  ligand  547  (249  mg;  0.407  mmol)  in  toluene  (10  mL)  was  added  drop  wise 
over  a 5 min  period.  The  mixture  was  allowed  to  reflux  for  1.5  hours  after  which  air  was 
bubbled  through  the  solution  for  2 hours.  After  that  time,  no  more  ligand  547  could  be 
detected  by  TLC  monitoring.  Heating  and  air  were  discontinued  and  the  reaction  mixture 


quenched  with  brine  (15  mL)  then  allowed  to  cool  to  room  temperature.  To  the  solution 
was  added  toluene  (50  mL),  the  layers  were  separated  and  the  organic  layer  was  washed 
with  H20  (2  x 20  mL)  and  brine  (1  x 20  mL).  After  the  solution  was  dried  (Na2SC>4)  and 
concentrated,  a brown  residue  was  obtained,  which  was  dissolved  in  CH2C12  (1  mL).  To 
this  solution  was  added  heptane  (10  mL),  which  caused  precipitation  after  a few  minutes. 
The  crystals  were  removed  by  filtration  and  the  mother  liquor  was  evaporated  and  the 
residue  subsequently  dissolved  again  to  obtain  three  more  fractions.  The  combined 
precipitates  were  dried  at  high  vacuum  to  obtain  548  as  a brown  solid  (93  mg;  33%). 
[a]D‘6  = +830  (c=0.0128,  CHC13);  IR  (Film  on  NaCl):  3365,  2957,  2906,  2869,  1607, 
1536,  772  cm1;  HRMS  calcd.  for  C36H52MnN206  (M-C1)+:  663.3206;  Found:  663.3225; 
Anal.  Calcd.  for  C36H52ClMnN206  1.5H20  C,  59.54;  H,  7.63;  N,  3.86;  Found:  C,  59.34; 
H,  7.33;  N,  3.74; 


200 


5, 6-/?ts-[(2-hydroxy-3, 5-dimethyl 


benzylidene)amino]-cyclohexane-l,2:3,4-di-0- 


isopropy!idene-l,2,3,4-tetraol  (549) 


t-Bu 


t-Bu 


Ligand  547  (62  mg;  0.101  mmol)  was  dissolved 


t-Bu 


t-Bu 


549 


in  CH2C12  (5  mL)  and  DMP  (200  pL).  To  this 


solution  was  added  a spatula  tip  of  p-TsOH  and  the  mixture  is  stirred  at  room  temperature 
for  20  hours.  Additional  DMP  (200  pL)  and  p-TsOH  (1  spatula  tip)  were  added  and  the 
mixture  was  allowed  to  stir  an  additional  10  hours.  After  that,  the  reaction  was  quenched 
by  adding  excess  solid  Na2CC>3.  The  mixture  was  stirred  for  5 minutes,  filtered  through  a 
plug  of  celite,  washed  with  CH2CI2  and  evaporated.  The  residue  was  purified  by  flash 
chromatography  (gradient  elution:  starting  with  hexanes,  ending  with  hexanes-ethyl 
acetate=10:l)  to  obtain  549  as  a yellow  oil  (52  mg;  73%). 

[a]D26=  +60.2  (c=1.0,  CHCI3);  IR  (Film  on  NaCl):  2957,  2871,  1738,  1630,  1598,  1468, 
1441,  1382,  1370,  1362,  1273,  1250,  1060  cm1;  'H  NMR  (CDC13,  300  MHz)  5 8.33  (s, 
2H),  7.32  (d,  J = 1 .9  Hz,  2H),  7.03  (d,  J = 1 .9  Hz,  2H),  4.61  (d,  J = 5.2  Hz,  2H),  4.48  (dd, 
7 = 7.1,  5.2  Hz,  2H),  3.44  (dd,  J = 5.2,  2.1  Hz,  2H),  1.58  (s,  6H),  1.40  (s,  6H),  1.39  (s, 
18H),  1.25  (s,  18H);  l3C  NMR  (CDC13,  75  MHz)  6 168.7,  158.2,  140.3,  136.6,  132.7, 
127.5,  126.7,  117.9,  109.3,  77.7,  75.5,  71.2,  35.1,  34.2,  31.6,  29.6,  28.3,  25.8;  HRMS 
calcd.  for  C42H63N206  (M+H)+:  691.4686;  Found:  691.4683;  Anal.  Calcd.  for 
C42H62N2O6  0.5H2O  C,  72.07;  H,  9.07;  N,  4.00;  Found:  C,  71.91;  H,  8.98;  N,  3.79; 
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5, 6-Z?w-[(2-hydroxy-3, 5-dimcthyl 
benzyIidene)amino]-cyclohexane-l,2:3,4-di-0- 
isopropylidene-l,2,3,4-tetraol  manganese 
complex  (550) 

In  a 2-neck  flask  equipped  with  a reflux  condenser 
was  dissolved  Mn(0Ac)24H20  (64  mg;  0.260 
mmol)  in  EtOH  (3  mL).  The  mixture  was  heated  to  reflux  after  which  a solution  of  ligand 
549  (60  mg;  0.868  mmol)  in  toluene  (3  mL)  was  added  dropwise  over  a 5 min.  period. 
The  mixture  was  allowed  to  reflux  for  45  min.  after  which  air  was  bubbled  through  the 
solution  for  5 hours.  After  that  time,  no  more  ligand  549  could  be  detected  by  TLC 
monitoring.  Heating  and  air  was  discontinued  and  the  reaction  mixture  quenched  with 
brine  (15  mL)  and  allowed  to  cool  to  room  temperature.  To  the  solution  was  added 
toluene  (15  mL),  the  layers  were  separated  and  the  organic  layer  was  washed  with  H20  (2 
x 5 ml)  and  brine  (1x5  mL).  After  the  solution  was  dried  (Na2S04)  and  concentrated,  a 
brown  residue  was  obtained,  which  was  dissolved  in  CH2C12  (1  mL).  To  this  solution  was 
added  heptane  (10  mL),  which  caused  precipitation  after  a few  minutes.  The  crystals  were 
removed  by  filtration  and  the  mother  liquor  was  evaporated.  The  residue  was 
subsequently  dissolved  again  and  reprecipitated  again  to  obtain  three  more  fractions.  The 
combined  precipitates  were  dried  at  high  vacuum  to  obtain  a brown  solid  (64  mg).  This 
solid  (550a)  was  contaminated  by  inorganic  material.  Further  purification  was  achieved 
by  dissolving  550a  in  CH2C12  (2  mL),  filtration  through  a 5 nm  filter,  and  concentration 
in  vacuo  to  afford  550b  (21  mg;  31%).  The  purity  of  550b  can  be  estimated  to  be 
approximately  70%  (see  CHN  analysis,  below). 


t-Bu  t-Bu 
550 
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[a]D30=  +141.5  (c=0.05,  CHC13);  IR  (Film  on  NaCl):  3435,  1644,  1616,  1532,  1260  cm1; 
HRMS  calcd.  for  C42H60MnN2O6  (M-C1)+:  743.3832;  Found:  743.3826;  Anal.  Calcd.  for 
C42H60ClMnN2O6  C,  64.73;  H,  7.76;  N,  3.59;  Found  (550b):  C,  43.69;  H,  5.52;  N,  1.98; 
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QAc 

Ac°'-^XpOAc 

AcO^N^OAc 


Acetic  acid  2,3,4,6-tetraacetoxy-5-(2,3,4,5,6-pentaacetoxy- 
cyclohexyloxy)-cyclohexyl  ester  (552) 

Polyol  538  (20  mg;  0.058  mmol)  was  suspended  in  CH2CI2  (1  mL), 
followed  by  addition  of  pyridine  (95  pL;  1.17  mmol),  DMAP  (1 
spatula  tip)  and  AC2O  (67  pL;  0.702  mmol).  The  reaction  mixture  was 


stirred  for  8 hours  at  room  temperature  after  which  an  additional  500  pL  of  pyridine  and 


100  p.L  of  acetic  anhydride  were  added.  After  48  hours,  the  mixture  was  quenched  by 
addition  of  MeOH  (500  p.L)  and  allowed  to  stir  for  15  minutes.  The  solution  was 
concentrated  in  vacuo,  triturated  with  toluene  (3  x 5 mL)  and  dissolved  in  CH2C12  (10 
mL).  The  mixture  was  extracted  with  0. 1 M HC1  (3  mL),  and  the  aqueous  layer  back- 
extracted  with  CH2CI2  (5  mL).  The  combined  organic  layers  were  washed  with  aqu.  sat. 
NaHC03-solution,  dried  and  evaporated  to  give  552  (40  mg;  90%)  as  a yellow  oil. 

‘H  NMR  (CDCI3,  300  MHz)  8 5.24  - 5.34  (m,  6H),  5.02  -5.16  (m,  4H),  4.32  (dd,  J = 9.5 
Hz,  2H),  2.20  (s,  6H),  2.13  (s,  6H),  2.07  (s,  6H),  2.06  (s,  6H),  1.98  (s,  6H);  l3C  NMR 
(CDCI3,  75  MHz)  8 170.3,  169.4,  168.9,  75.8,  69.5,  67.9,  67.4,  21.1,  21.0,  20.8;  HRMS 
calcd.  for  C32H43O21  (M+H)+:  763.2297;  Found:  763.2327; 


204 


OSOjNa 


NaS°3°  --^X^QSCLNa 


NaSO 


'OSOjNa 


0S03Na 

553 


6-(2,3,4,5,6-Pentahydroxycyclohexyloxy)-cyclohexane- 
1,2,3,4,5-pentaol  octasulfate  octasodium  salt  (553) 

Inositol  dimer  538  (50  mg;  0.146  mmol)  was  suspended  in 
DMF  ( 1 mL)  followed  by  addition  of  Me3N  S03  complex  (254 
mg;  1.825  mmol).  The  mixture  was  heated  to  50°C  for  9 hours 


after  which  an  additional  portion  of  Me3N  S03  complex  (150  mg)  and  DMF  (1.5  mL)  was 


added.  After  a total  reaction  time  of  56  hours,  heating  was  discontinued  and  the  mixture 


stirred  an  additional  24  hours  at  room  temperature.  The  biphasic  mixture  was  diluted  with 
MeOH-H20  (2  mL;  1:1),  split  in  8 portions  and  one  portion  was  loaded  onto  Sephadex 
LH-20  gel-filtration  column  and  eluted  with  MeOH-H20  (2  mL;  1:1).  The  first  (out  of 
three)  fractions  to  elute  in  all  eight  runs  were  combined  and  loaded  onto  a Dowex  50  ion- 


exchange  column  and  eluted  with  MeOH-H20  (1:1)  and  H20.  The  eluent  was  lyophilized 
to  afford  a compound  (73  mg;  35%)  the  structure  of  which  was  tentatively  assigned  as 
being  that  of  553. 


‘H  NMR  (D20,  300  MHz)  8 5.22  - 5.36  (m.  2H),  4.40  - 5.01  (m,  8H),  4.08  - 4.20  (m, 
1H),  3.90-4.00  (m,  1H);  Anal.  Calcd.  for  C12H12Nai2O4iS,0  C,  10.58;  H,  0.89;  0,48.14; 
S,  23.53;  Found:  C,  12.31;  H,  2.04;  O,  45.05;  S,  20.75; 
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SELECTED  SPECTRA 
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APPENDIX 


The  following  tables  contain  all  the  experimental  data  obtained  during  the 
inhibition  assays.  The  results  for  dimer  503  were  obtained  by  Mr.  Theodore  Martinot  and 
the  ones  for  dimer  504  by  Mr.  Jerremey  Willis  and  are  only  included  to  have  a 
comprehensive  overview  of  the  scope  of  this  project. 


Table  7.  Glycosidase  inhibition  of  dimer  505  (NAc-I-D) 


Enzvme 

Sample  Number 

1 

2 

3 

4 

5 

3-Galactosidase 

Slope 

0.02653 

0.01415 

0.00816 

0.00572 

0.00423 

Inhibitor  concentration 

0.000 

0.901 

1.802 

2.703 

3.604 

% Initial  slope 

100.0 

53.3 

30.8 

21.6 

15.9 

3-Glucosidase 

Slope 

0.02887 

0.02710 

0.02687 

0.02662 

0.02551 

Inhibitor  concentration 

0.000 

0.421 

0.843 

1.264 

1.686 

% Initial  slope 

100.0 

93.9 

93.1 

92.2 

88.4 

a-Mannosidase 

Slope 

0.02513 

0.02189 

0.02517 

0.02483 

0.02180 

Inhibitor  concentration 

0.000 

0.500 

1.000 

1.500 

2.000 

% Initial  slope 

100.0 

87.1 

100.2 

98.8 

86.7 

a-Glucosidase 

Slope 

0.00931 

0.00558 

0.00329 

0.00232 

0.00201 

Inhibitor  concentration 

0.000 

0.283 

0.565 

0.848 

1.130 

% Initial  slope 

100.0 

59.9 

35.3 

25.0 

21.6 

a-Galactosidase 

Slope 

0.07790 

0.07668 

0.07389 

0.06986 

0.06527 

Inhibitor  concentration 

0.000 

0.326 

0.652 

0.978 

1.304 

% Initial  slope 

100.0 

98.4 

94.9 

89.7 

83.8 

3-Mannosidase 

Slope 

0.00918 

0.00927 

0.00962 

0.00903 

0.00886 

Inhibitor  concentration 

0.000 

0.391 

0.783 

1.174 

1.565 

% Initial  slope 

100.0 

101.0 

104.8 

98.5 

96.5 

224 


225 


Table  8.  Glycosidase  inhibition  of  dimer  502  (NH-I-D) 


Enzyme 

Sample  Number 

1 

2 

3 

4 

5 

P-Galactosidase 

Slope 

0.02211 

0.01563 

0.01143 

0.01001 

0.00843 

Inhibitor  concentration 

0.000 

0.353 

0.706 

1.059 

1.412 

% Initial  slope 

100.0 

70.7 

51.7 

45.3 

38.1 

P-Glucosidase 

Slope 

0.02570 

0.02518 

0.02197 

0.02502 

0.02187 

Inhibitor  concentration 

0.000 

0.442 

0.885 

1.327 

1.769 

% Initial  slope 

100.0 

98.0 

85.5 

97.4 

85.1 

a-Mannosidase 

Slope 

0.01936 

0.01761 

0.01859 

0.01705 

0.01626 

Inhibitor  concentration 

0.000 

0.288 

0.575 

0.863 

1.150 

% Initial  slope 

100.0 

91.0 

96.0 

88.1 

84.0 

a-Glucosidase 

Slope 

0.01909 

0.01595 

0.01717 

0.01828 

0.01811 

Inhibitor  concentration 

0.000 

0.221 

0.442 

0.664 

0.885 

% Initial  slope 

100.0 

83.6 

89.9 

95.8 

94.9 

a-Galactosidase 

Slope 

0.02569 

0.02732 

0.02588 

0.02543 

0.02531 

Inhibitor  concentration 

0.000 

0.243 

0.487 

0.730 

0.973 

% Initial  slope 

100.0 

106.3 

100.7 

99.0 

98.5 

P-Mannosidase 

Slope 

0.00799 

0.00754 

0.00737 

0.00723 

0.00724 

Inhibitor  concentration 

0.000 

0.315 

0.630 

0.946 

1.261 

% Initial  slope 

100.0 

94.4 

92.3 

90.5 

90.7 

Table  9.  Glycosidase  inhibition  of  dimer  507  (NAc-C-D) 


Enzyme 

Sample  Number 

1 

2 

3 

4 

5 

P-Galactosidase 

Slope 

0.01689 

0.01206 

0.00708 

0.00276 

0.00105 

Inhibitor  concentration 

0.000 

0.053 

0.132 

0.264 

0.529 

% Initial  slope 

100.0 

71.4 

41.9 

16.3 

6.2 

P-Glucosidase 

Slope 

0.02879 

0.02715 

0.02718 

0.02655 

0.02619 

Inhibitor  concentration 

0.000 

0.423 

0.846 

1.269 

1.691 

% Initial  slope 

100.0 

94.3 

94.4 

92.2 

91.0 

a-Mannosidase 

Slope 

0.02350 

0.02271 

0.02172 

0.02108 

0.01928 

Inhibitor  concentration 

0.000 

0.555 

1.110 

1.665 

2.220 

% Initial  slope 

100.0 

96.6 

92.4 

89.7 

82.0 

a-Glucosidase 

Slope 

0.02219 

0.01570 

0.01259 

0.01066 

0.00947 

Inhibitor  concentration 

0.000 

0.502 

1.004 

1.506 

2.008 

% Initial  slope 

100.0 

70.8 

56.7 

48.0 

42.7 

a-Galactosidase 

Slope 

0.03035 

0.02816 

0.02521 

0.02308 

0.02153 

Inhibitor  concentration 

0.000 

0.416 

0.832 

1.249 

1.665 

% Initial  slope 

100.0 

92.8 

83.1 

76.0 

70.9 

P-Mannosidase 

Slope 

0.00875 

0.00865 

0.00811 

0.00821 

0.00803 

Inhibitor  concentration 

0.000 

0.357 

0.714 

1.070 

1.427 

% Initial  slope 

100.0 

98.8 

92.6 

93.8 

91.8 

226 


Table  10.  Glycosidase  inhibition  of  dimer  506  (NH-C-D) 


Enzyme 

Sample  Number 

1 

2 

3 

4 

5 

P-Galactosidase 

Slope 

0.02017 

0.01079 

0.00808 

0.00669 

0.00495 

Inhibitor  concentration 

0.000 

0.540 

1.080 

1.619 

2.159 

% Initial  slope 

100.0 

53.5 

40.1 

33.1 

24.6 

P-GIucosidase 

Slope 

0.02343 

0.02267 

0.02150 

0.02035 

0.01980 

Inhibitor  concentration 

0.000 

0.459 

0.918 

1.377 

1.835 

% Initial  slope 

100.0 

96.8 

91.8 

86.9 

84.5 

a-Mannosidase 

Slope 

0.01996 

0.01911 

0.01890 

0.01685 

0.01681 

Inhibitor  concentration 

0.000 

0.270 

0.540 

0.810 

1.080 

% Initial  slope 

100.0 

95.7 

94.7 

84.4 

84.2 

a-Glucosidase 

Slope 

0.02219 

0.01570 

0.01259 

0.01066 

0.00947 

Inhibitor  concentration 

0.000 

0.513 

1.026 

1.539 

2.051 

% Initial  slope 

100.0 

70.8 

56.7 

48.0 

42.7 

a-Galactosidase 

Slope 

0.03131 

0.03108 

0.02888 

0.02819 

0.02161 

Inhibitor  concentration 

0.000 

0.270 

0.540 

0.810 

1.080 

% Initial  slope 

100.0 

99.3 

92.2 

90.0 

69.0 

3-Mannosidase 

Slope 

0.00770 

0.00760 

0.00714 

0.00704 

0.0068 1 

Inhibitor  concentration 

0.000 

0.567 

1.134 

1.700 

2.267 

% Initial  slope 

100.0 

98.7 

92.7 

91.4 

88.5 

Table  1 1.  Glycosidase  inhibition  of  dimer  503  (DA-I-D) 


Enzyme 

Sample  Number 

1 

2 

3 

4 

5 

3-Galactosidase 

Slope 

0.06073 

0.06515 

0.05997 

0.05901 

0.05562 

Inhibitor  concentration 

0.000 

0.322 

0.644 

0.967 

1.290 

% Initial  slope 

100.0 

107.3 

98.7 

97.2 

91.6 

P-Glucosidase 

Slope 

0.01672 

0.01825 

0.01693 

0.01813 

0.01732 

Inhibitor  concentration 

0.000 

0.343 

0.687 

1.032 

1.376 

% Initial  slope 

100.0 

109.2 

101.3 

108.4 

103.6 

a-Mannosidase 

Slope 

0.01408 

0.01352 

0.01331 

0.01208 

0.01183 

Inhibitor  concentration 

0.000 

0.365 

0.731 

1.096 

1.461 

% Initial  slope 

100.0 

96.0 

94.5 

85.8 

84.0 

a-Glucosidase 

Slope 

0.01767 

0.20180 

0.02023 

0.01988 

0.01982 

Inhibitor  concentration 

0.000 

0.236 

0.472 

0.709 

0.946 

% Initial  slope 

100.0 

114.2 

114.5 

112.5 

112.2 

a-Galactosidase 

Slope 

0.02761 

0.02421 

0.02092 

0.01853 

0.01791 

Inhibitor  concentration 

0.000 

0.451 

0.903 

1.354 

1.805 

% Initial  slope 

100.0 

87.7 

75.8 

67.1 

64.9 

3-Mannosidase 

Slope 

0.00887 

0.00817 

0.00785 

0.00687 

0.00614 

Inhibitor  concentration 

0.000 

0.322 

0.645 

0.967 

1.289 



% Initial  slope 

100.0 

98.8 

92.6 

93.8 

91.8 
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Table  12.  Glycosidase  inhibition  of  dimer  504  (O-I-D) 


Enzyme 

Sample  Number 

1 

2 

3 

4 

5 

P-Galactosidase 

Slope 

0.02906 

0.02572 

0.01865 

0.01451 

0.01254 

Inhibitor  concentration 

0.000 

0.375 

0.750 

1.125 

1.500 

% Initial  .slope 

ioo.q 

88.5 

64.2 

49.9 

43.2 

P-Glucosidase 

Slope 

0.02035 

0.01910 

0.02445 

0.02178 

0.02042 

Inhibitor  concentration 

0.000 

0.353 

0.706 

1.059 

1.412 

% Initial  slope 

100.0 

93.9 

120.1 

107.0 

100.3 

a-Mannosidase 

Slope 

0.03060 

0.03239 

0.03462 

0.03324 

0.03402 

Inhibitor  concentration 

0.000 

0.353 

0.706 

1.059 

1.412 

% Initial  slope 

100.0 

105.8 

113.1 

108.6 

111.2 

a-Glucosidase 

Slope 

0.00915 

0.00632 

0.00523 

0.00484 

0.00459 

Inhibitor  concentration 

0.000 

0.441 

0.882 

1.324 

1.765 

% Initial  slope 

100.0 

69.1 

57.2 

52.9 

50.2 

a-Galactosidase 

Slope 

0.03552 

0.04004 

0.03708 

0.03686 

0.03620 

Inhibitor  concentration 

0.000 

0.419 

0.838 

1.257 

1.676 

% Initial  slope 

100.0 

112.7 

104.4 

103.8 

101.9 

P-Mannosidast 

Slope 

0.01152 

0.01239 

0.01077 

0.01124 

0.01122 

Inhibitor  concentration 

0.000 

0.397 

0.794 

1.191 

1.588 

% Initial  slope 

100.0 

107.6 

93.5 

97.6 

97.4 
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